Synthetic, Physico-Chemical and Analytical Studies on Zirconium (IV) Arsenophosphate Cation Exchanger by Agrawal, Sanjay
VOLUME 6 NUMBER 8 
ISSN 0»4H J'M4 
t ^ 
Si/nthetfc, Phiisfco-Chemfcal and 
AnalLjtfcal Studfes or\ ZFrconfum (IV) 
Arsenophosphate Catron Exchanger 
SUMMARY 





DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY, ALIGARH 
OCTOBER 1983 
S tl M N A ft y 
Tli« tli««t» «Mipri«tt t f • •v tn t l i tt^ttr*. Oliapt«r*t t« 
t i l t *XatrotfiMtloii* wlileh giw •n toeowBit of ili« h l t t e r l * * ! 
liaelcfroaBdl •f tu t tf>ii»«xetii)«(|« ttohsolocTt i t » r*i}«iit a#rttae«« 
««a «pplle«iiafi»* f inal l j r , an vptodnt* I t t t r a t n r * «n thm r«e«iit 
•<!vaiie«t in «|mili«tle inorgaiito ton oiieluiBgtr* bat l>ten gltmn 
irtiieh rovettto ooao of tko iioirol opplleottono of tlioio •o tor to lo , 
t t i » oiipportoa %T an «sliattfitiir« l i a f of roforenooo. 
Otiapt«r«tt amnMiriBos the iqriitlioalo and ton»oioheniio 
batiavtoar of a lilgtily aolootivo antS rotirodnelUlo pl^ aao of 
sireottitHi<Tf> arconofilioapliato nHloli « • • oMatnod aa follonas 
Aqnaottf aoliittont (0«09 If) of alreonrl obloridop dlaodti» 
ttr»w»»t9 tnA trlaodina orthopltoapliata W9r9 wAnod In oqoat 
voltMNia a«« tho fil of tlio alxttiro vaa fixotf tn tti« rango 0*1 
%r •tfitng ttitrie aeia witii eonatant at i r r tng* Vha gat tttna 
oMelaad waa Itapt at rooa tavparatnro ovamlght and f t l tarad^ 
waahad with daainaraliaad watar and drlad at %0 C in an a i r 
oiran. fko drlad prodaet vaa oraokad tn OMV to al»tain granntaa 
vlitoli vara oenvartad tato tha l^^fora v i tk 1 N m o . * Ttia 
•a ta r ta l ao o%tatnad (SAP) vaa haatad at 200 0 for ona koor 
to gat t t a Modtftad pkaaa O.SAF. Tliia nav haatad pHaao 
( OCSAP) of siraont«M araanoi»lioapiiata akova aany l«i>rovo«anto 
in t ta ion«ox«lianga ^ahavtonr m» agatnat norwnl tAI»« Tt aliova 
a ktgliar toB*axeli«nga oaiMaitr and %attar alation afftotanoy 
tHan UP, Alao, t t t» m9T» atabla towardt tlia okaateal attaofc 
ond akova a htgliar aalaottr i ty for al»oat a i l tha oi 
( t i > 
»•«•! tons •« eo«p«rtA to KAP (?•%!• ! ) • ••«•« «n tli«s« 
eli»«rv«tf«««» CX.SAP Hat viMMttfii l lr «««m ittllt««« fr %%• 
r9mnv»l of awtol !<»• fro« ««t«r «»<! ir«rio«« qvantttfttiv* 
••p«r«tlmia hmrm 1I«MI aeliiav^i «• I t * •• l««i« uliioi ar* tiio»« 
• f A l ( f f f ) , P«(I1I) tt»d oa(l f ) fiPMi «rtii«r attat lone* ?«rtoii» 
iii«tr«a«iit«l «tiiAi«» htv aiiio %•*« •arrlstf M t t# «litraiet«rts« 
tli« MAttrtm^ niieli • • pK t i t rations, tOA, tiifr«ro<l o^oorpttoM 
mA6 x«ro3r aiffrootio*, 
Cb«pt«r»ffX givoo A oirotoMOtto ttuar on tlio olitalool 
a«a raaiattoe ata%lltti«s of a..»ll»« Aa YaUo-fX Intfleatoa, 
Q(*SAI» baa an tnproiraa ohaaleaX ataMlitsr aa eoniMiroa to SAf* 
Gawaa radtetiona itq»art nagltgtblo obai^a In I t a ton»oxel}«««o 
eliaraetorlat lea * 
flia aoat tntareattng aa|>tot of tfea proaont a t n ^ fa 
to apDly tnovfntiio ton axohangaara for tlio analyaia of aaao 
roal oanplaa, Chaptor^X? aaMMriaoa tko roanit* of tnantttatlTo 
sopar*ttono of ro(IXX) antf At (XXX > fro« irartona oanatitntnta 
of ollojro on< rooico on gAP an« a«iAI» oottnaia. Vka Mthoi fa 
fiiUo aiHflo oni loan t l M oonaoming, otti tka roanlta afttatnoi 
ara fraolaa ani aoonroto vltliin tha ox9«ci««tttal orror ratnga 
(TaMoa XXX «i« XT)* a«tAF kao o wlior rongo of afflioaMXttjr 
for aneli aanratl««« liooooao of i ta kigkor oko«ioaX atakl l l t r 
aa oo«|iarai to lAP, t l a t la r l r a fnantttatlTa aaparatlon of 
A1<XXX) an« l«g(XX) in aOM antaoii fonaolottoBO naing a^gAF 
< t t i ) 
«oIiiwi« has Wen •naatrlsca In Cli«pt«r ?, tli« results %«tttf 
•li«wii in ra%l» ?• I t is • ««vsl sfplitstloR sf t l i is m t s r i s l , 
Clispt«r»?l « t t l s with ft si»seifi« «•« btgHlir ssnsitivs 
astsotioB ttethotf fsr iron •»# • fast f«a»t i tst ivs • •psrf t t tM 
of i t s Yslsnet ststss • • 0(*SAP, T I IS 4sts«tioii Msttisd liss • 
I t t t i t of rv; 0»000t Jig psr 0,02 «1 «lii«k v t t l isss tlis fttfssrpti** 
iiRi*sacebaais profisrtiss of tlis loa-^schsags mitsr is l oad tlis 
ooiBplsx forMifig ab i l i t y of l^lO-plisiissthrotliis* A vsefittnlMS 
tiss %eeii propoet^ on ths tossis of tlie ospsrivmtst o^isnrstiOMS. 
for ttas sep0r«tioii of Po<fl) •»« F s ( f l T ) , ths ooMplox forving 
Abi l i ty of potessiaii ttiieorsnsts Has lissn o t i l i sod . flis astliotf 
i s rapid and aeoorats and rai|«iraa sinpiy vator as tlia alaaiit 
(falils •? ) • 
fhs last ohaptar (C6aptsr»TfI) givss an aaeonat of ths 
kinstio study of tlia axelianga roaetioaa of OOMS divalsnt «stal 
tons on a. iAP in WHW to ondorstani ttis aooliaaiav of Ion 
oxobaago an i ts anrfaoo* A now approaaii %aaa4 on tbo llamat« 
naaok ofnationa liaa kaan naad in plaos of tils old *Bt Critsrion* 
ifkiok is nssfnl for tko ions having tlio saaa affoottvo diffnaion 
eosffieisnt i,s« for an iaotopio sacoliaaga* tn an aotnal ion* 
oxotiangs phsnswsnsn tlis flnxss of tvo diffsront ionie apaoiaa 
ars oonplod witli ana anotliar and, tfasraforot a singls diffnsion 
oosffteisnt eaa not dasoriks ths aotnal proeosa, Homat-yianok 
aqnations ara raa l ly applioabla to anoh oaaoa* vliioli taka into 
( tr } 
•eeomit %%• •xolia«ftt of 1INI« kaiiriag i l f f ^ r m t M i k i l l t l * * . 
rti« •xehftaf«t f^ Nk(ny* Oft(n)» sr(TTK B«<TY)t fii(tf), r«(n), 
Ce(fl)t l l i ( l t ) , E«(n) and Ca(Tt> with H(f) %mw %««B niKltcd 
•n a.EAP At different t«a|>«i«tttr«t <teOt 30» %9 m^d 60 0)^ At • 
• t t a l Ion eoiio«ntff«tt0n ^ 0»Of If« tb« |»«rtiel« 4iffusion I * 
ttie r«t« d«t«mtsiiig ctsp* f«%l« TXY sliow* i l l * iwt«es of •««• 
IrtBstt* parnMittri f«r tk* Altf«ritttt iMtal tiNi-4l(Y) cMtiAMgts* 
Cttorijr Md •Bii«p]r • f noilimtion 0li«w • lt««»r vartatiMi irttii 
tilt ioi ie m d l i , Ii3rdr»t«i ionle rstftt aM iMii* Mil^llitt«« of 
tb« alkalint aartlia lAlcb 1« • iaiiQtt« faatara aliarvatf far a« 
iaorsattio loa axchaagar* fHa raaalta ara aaafal for pradiotiag 
tlia aaakaataii of tlMi laa-axolianga froaaaa aaaarrlag oo tlia 
aarfaea at an taoigaala aatarlal af tfca typa atadiai* 
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tlia loaittota. ftiooita ara alao daa to ttia Comtelt of Sotentifte 
and tndaatrlal naaaarelif Haw l>elliit (tadta) for ttoa ftnenolal 
aaatataaea ana to «^ oollaagoaa emfi frteatfa for tbatr ktiKI 
eooDarattoii Aarfag tlia aliola taaara of tlia raaaaroh» 
Ftaellyt I a* lititily gratafol to a l l aqr fa«tly nanibara 
for glTtttg tliatr vliola kaartatf aaoparattaa ana graat affaattaii 
utthaat vliloli I t vool^ ttot liava %aaa faaaltola far wa to ao«pl«ta 
ttia work* 
( tAIMAT A6RAVAI, ) 
( t ) 
i> t i f o r y 0 1 L I c A f I o n i 
t« SfMtHltXt, tOII«t«SBA]tffll agSAnOOly AHD AHMUYTICAl* APPUCAflQItS 
or A mv, csytfAuuiitt* AND vamM iiicoiifiiMdv) AuiiifosiuoAfg 
CMftm IKCBANOiKi ARALfitll Of 80MI SUUICAW II0CC8. 
8» IQII«g]BCIIAlK» AltB SiLtCTlVlTt MlttAVIOOR Of f«ilMAU«Y TItAfSD 
AMD "(jiwikmAmi^ pBAfois or Mtmmtmitf) Atmnommvm'm 
CATZOH ixxmAwmif mvAWkftm m AI(IZI> wmm iom MITAI^  tons 
AND HlltOVAt or CAflOKS fftOM WAWR, 
8«p,8el*T««lniol.t J£(<0)t 909 (t98)>« 
5. QUAHTtTAfXVE lEfi^flHATlOII OT IftOK AHO AtOMtmoll IM 60NB 
AUiors A»i} sxucATs KOCKS AfiiK A cAfxoK tummm mmvMttm 
m ummxwi{Vi\ mmmQ Aim SXLICO Aiu»iiAtRS« 
J.Lif.OirdMitiii.t 6{S>, 1999 (t9i5>* 
%« fge SBPABATtOK OT At^ OKSlfllllt AMD liA0!liSXI»f XN SOMB ANfACXO 
Dmfos usxito ttmmtvm{vt\ mmmQ AKO SXUOO AUSEMATE 
COI^ VMiS. 
AB«l«t«n,» l£(9>. 609 <19»3>. 
9 . AWOKIIPXOII STVOnt or AtlM*! NifAS*S Oil TAUOOS XNOIWAKIC 
tmjtwsmam NAUKIALS %mm BADiomAGKif • 
••«tMHMI»l«ii4Mltttt|*l.«tt.* 2|^9U 1^ ^ (<9i9)* 
|^ « •AOZATXON SfASIliXfy OT SOMI fMK»UILS«T mthWkM XNOlOAItXO 
SON BlCIAliaiKI, 
j«Mil«»ii«l*aiti», (tn rrtM)* 
( it ) 
7* JUIALVrTCAI. AfrLIOATXdfS or Sr(XV) AND Vt(XY) AHSSROIIIOSPIIATIt 
At XliUllDHAItQKItt* 
T«i«iii« (tM m s » ) * 
•« A emmxt^tm »3!omM& mmm wm vm smctnc mtKenos or 
turn m axwoNXoiidv) At»»ior8o&niATi w&Mm^ 
Att«i*t«tt« (In rr»iit)« 
9» A rAST CArxQK tJR:iiAN(»i siPAiAfxaii or xttaKxt) AKD xaoitdtx) 
m sxncoHxmiCxir) Asntroiftas^^fs emmms mtm rofAssiim 
fllXOOfAilAlt AS A CONFUIXXIIQ AGiSV* 
io« xoutacHAsei sxmttas m smm mfAh pmAmAms AHO fRExs 
mpAmttm m ztmmtmt{tv) mo&mo mn sxt>xcf)eiiisEi«Ani 
CAfXCW iXCBA|f€»ttl« 
it« tmjijxmwm mmfmn or Ausii«i}i& mmmB m sr(xv> ARSEMO. 
sxjbXCAff OAfXQif saosiuiiaiRi Acrf?Arx€it ummt AS A LXKSAR 
wvmfim or tsx XONXC }K»xt.xtxts AMO MDXX« 
( tit ) 










soMi XMPoitAiit mmtm SAtts rtiBmisii so rAs 
mm TflSfR SALISMT riAffilms. tf 
ffi!osf«Afs /m&» fmwms ftmmmm^ 31 
K^  wMhm» or Bfjm cmmm mfhh tms m tm 
mmmh (SAP) Mm tmrnmLt imAmv ( a^uf) 
mm^B <Hp zr(tt) Mmmmonvmw m mrrsKint 
MBI^ IA^ 49 
simB sAttiHv riAf08is OF fm mrmmtm or 
ALiMTiitiniCttT) moi! mmu mthh tms m a •SAP 
smm 9M.um mAwmn o>' fBu mpAmnm or 
t tondft ) rmm mtmu mmt torn m a^xAr 
0(»4mNft« 59 
•ONK SAIifSlfT rKAtfURES OT fm KPAVATION OT 
eA8ifxini(ix> rnQii mmn mrAt tmm m a^uv 
COUMIft. 55 
cMmiCAt. STABii«rrr or xAf AWO a.KAr xir VARIOUS 
sotvBiirs. $9 
trfSCf o r QAMMA f fflAIITATXOIt (TOTAL OOiK OfVKII 
^ f o ^ nis«> OM som mtsiCAh AMP lowjiicitAiiGt 
moftiTfss or SAr, 75 
( ! • ) 
rA6K 
VAttJI t l 
tMOM t 
fAmM t t 
YAMJI I I I 





QOAtlVITATTVK mrABAVTOfi Of fltOSf VKUt liOH 
BASS AULOrS OSIMO 2Ar COLOItrS* «f 
OOAHTfTAVtfE ^rAftAffO?i <»P AMItfTHtOH Aim tHOli 
moil mmn comttftmmB tn mum IF«S«G3* 
Bfmmim nocies mtm UP coi^ums* «t 
QtiAifntATfVE mt^mnm w Attmmm/tmm wmm 
s&m sviiftmfic Atji^ ovs mtm a^uf am^iimB^ «% 
HiiARvifATtfe ssmsftfiofi or imn fsm smm 
mmrmn stiEi* SAHB^S USTHG a*iiAf» coi.ifi@ts, 93 
QCAHTIVAtlVB (SrAHAttQIS <^ AtliWIIIItnt ASB t « 0 ^ 
Wmn VABlOfJS fr*S,0«S.8fA!f»AflD 80CKS tfelllG 
QtiAiititAfivi^: sEms/ iTtoi i o r Aitrntrntm A N D 
«iAC^:sfn r»(m sois wmm AMACW mmmuiftfpsB 
m OL^tAp coi.(?««t« 9 1 
QfjAsrrtfAvrve ssrAttAfioH o r AtfUfiHfm Aim 
NACMijiifiif tn mjm mmmtm mmnms m 
sBTscrtoK trtiiits vot r«(tf) cxi mfmmm l a t . 
glCHAIfOi MAVKitAtJI SOAMID HI l»tO»f«liHA|ITflil(ILlllE. ^ 
QVAjinvAvivi aeiMiiiATfoii m wmitty Aim r«(iYf) 
QN a«SAr COtUMti. tot 
( • ) 
9Mm 
tsmjst xfSft mj&fm {$} or n- YS, t wims won TDK mt^t 
fhMM sets fi , K^ Mm AS*" VM.CPS rOR imb KEfAI* 1(II«I!(I) 
9 m 
( in ) 
L I S T o r f t Q V MM U 
rAot 
fimm i tm^nmwittm m wmmM or »^BOiisTiCAt« rLATis. 
ftmm 8 enscf or nEAttwo ON THC fOM.s»mAK(2^ CAPACtff 
or fAIWOtiS ASSEKOfllOSrBAfKS, 
rfCOMS 5 A DOtmiil IKAtUD OOLPffN IISE» rOH L^T^ tONB Af 
^5*0 A!^  mm mmamk WMmwmim^ 




r ioov • 
9tmm 9 
rtotfMi 10 
c^ %Hvt) J^vmmmmmA'm AT 30* ATO 95*0* 
1^ T i f iAf t i^ coRffs mm itm fAwows I-BASES or 
tr(t ir) ARSiWOillOSIIIAfi HSIHC llftOR/^ aOI AS 
ftfBAHf, 
iii} fiTiAftow ciiiiviss roB vm VASfotis PHAS&S or 
SrttV) ARSt!iOfnOSIftATI£ llStmO COSf/SQl AS 
TfTRAIIf, 
1^ ftTKAfioit otritvss ro» WOBMAS* Mm mhmt^ m^sm 
or i r (TT) ABttMOPBOSIfiAtS ir$TI«S ktOB/tlCS AS 
TtTiAW* 
fOA ocstft roR ir<iv) ARSKifoiiiosniMifi miTiB AT 
•o*c i» »* rom. 
tiiriiAiB» smcfUA or vAmotfS mmm or sr<tT) 
AIISillOmOSf<BA«l« 
A Cf^ rABATlVB OttTlTBIITICMI MHiAVTOOB OT YW 
ROmCAL Aim WATBO (AT 800*0) fHABBt Or t r ( fV ) 
AtMEWOmOtmATt r08 VAKtOVS MiTAlt XOMf IN 0NV 
AMD 0*01 M Wmy 















ft mm If 
fiQvm i$ 
rt&am ty 
ftcow I t 
tffKOT or ^n OH 1 ^ 1^ fALOiS or AIJCAtt MIfAl^ 
OR £r(TY) AW S^WOfftOSfRATt tmtUP At JIO*0« «6 
SEPAiiArtoii or Ai(fif) wmm tmmn mtxL IONS m 
vm cmmm or iritt) AmmQmmmtim WATKII 
AT 800*0* %f 
iirAiATfoit or r«(ni> rao>t n/vmtt mtM* ions on 
fRE ooLotem cff* srCft) AiiiBifoi«i»iffiA9% mkmn 
AT aeo*c, «9 
SErAfiAttoif or c«(tf) riioii onoia MifAi« tm& m 
f « oounwrs or iir(iir> AHiEHomospiiAtf sEAfso 
At 200*0. 50 
srvEOf or OAMMA tmtmmtm m tm tmj^wnAmm 
OAmoffy <»r twivf) ^mmomaBmisim mhmn AT 
aoo*e« 66 
irttOT or ^fotA xmiAniAfioif OK vm •t.oTXOii 
miAnooii or zrCir) AnssMoraosfiiAYt ntAiim 
AT 100*0. 67 
tmOT or OAMIA XMAOIATXOH ON THB pH TltltAf YQM 
•niATiooft or sr(fv) AnsitiioffiosraATt D I I I O AT 
*0*C. 69 
trftOT or OAioiA iniAmATioic m rm ^ TitnATfim 
MiiAnooi or sr(f?) AnsmoraosntAfK wAnv 
AT tm*e. 70 










tmwkmti smcflu or wQwrn* ma twkmmm BmnMu 
OP 8r(TV) AiSitfOfBOSniAfR i)lliei> AT «0*<3, 71 
t m c T or mmtk tmiAmAttm m titritiiivti srsofftA 
or «r(iv) AssiHorBosfiiAfE muimn AT soo^e* 78 
x^ viuuim AS A mifetiGi? or tn£ totAI» DOSS <H^  
oAfiMA nAmATimm Am^mm^ m sr(fv) AKSEIIO. 
fBC^ IRHAfE fSIAflD Af 800*69 IN SNV A3I1> »G10^  
HimrA, 75 
tm ITAflXOCS rOIMS or t rC t r ) A8Sg|IOF>!!OSI»RATE 
8EAfE» Af 800*0. 10% 
w*ofs or o< n- > fs« t rot i^^*-ii* EjamAiKse AT 
oiruBfiiiir mnmmmmn m srCtv) AitsEiiofiiosmATK 
msmn A? SOO^O* i ia 
wuofs c^ n- fs , « rot m**««* Alio iii**-ji* 
BaciiAKo&s vsiMQ mwmmwt totuftoif coiiCKirrsATiQiis 
Af 50*0 ON 8 r ( f r ) AimtlOfflOilflATK miAfRO Af 
800*0, 115 
itofs or T f t , t ro8 !%**•«*, e«**-ii*, t r * *^ * 
AW9 8»^^4I^ i lOilAlltI i Af OtrftMNf ftMft8Af08iS 
on f r ( t V ) AKBtllOniOSISAfB niAfKO Af 800*C. 116 
H.0f8 or Y f t . t r08 M i * * - * * , r « * * -B* , C » * * ^ * 
AND ]tt®^^^ ticnAiiatt Af mwrnrnm ftuMtAfuttt 
<W Ir(Tf> AtitNOmiCMIifiAtt HtAftt Af 800*0* 117 







KJBOBAUfHeS At DTfrBMEXr fiffmSAfVUEfi m ZwiVt} 
ABSEKOraOSFKAtS lEAISD A¥ 800*C* 
PLOfS OF S f S , i j f im Wl|^*-B* JW» lte**-H* 
SlCBAHIiES At 90*C OH 3Sr(IV> A8SKlfOre<BnSAfE 
BSAISO A¥ S00*0* 
ttbofs or 0*00 iy V8« i fo« i%^*«i!*, o«®*-«% 
«r^*«il* A!IO «t^**ll* gXCBASQiS OH «r(f?) 
ARSB!I0F!10SI%IA11B ^Af^D Af £00*0* 
i»i*ofs or 0.00 »}{fs. I roB ito^*-«*» ft®*-!!*, 
e0*^*-it*, iit^*««*, «»**-«* ^ e iw®*-!!* 
tXOHAHOeS ON Zr(t?) Al^itKOmOSI^Afi H^ AfSO 
A«r fioo*c, 
VAIIAftow or 1 ^ AMB A t * fAtOBS Vfttl lOlffO 
OAHIf, KITDilAfitl t<»IIC IA01I AKD XOHIO 
MOBIUflBS or AUCM^ HOe SAifHS OH Slr(fV) 






< » ) 
eBkvfuUmt 
III nil I iii'ii ml H Iilii 
1 
fM •waUktmg^ !• tm imtmwmtim w^mlttmg primifmlty 
iMt«rt«l Mii • ••lii%i«i» AittMKigb til* tMftmiiiiM «»• <»g»ryi 
in tli» «i4i l« of tfc* iiiv«t#«ith •«tt««ffy (t«5)t i t * hvma 
•^plieiittfli i « «b» oltf<MMit««r«plilo «ittly»t» « • • r«e«gi>tii«« 
M l y affur 9ppmfadwmtmVt too 3r»«f»* I t was »o anolb t»i»«piil«r 
«!>%• t9%8 %%«% i» A fly^eiCNitiMi #f tlw Miw ¥ofii Atii^Mr of 
Sot«R««« M ttt tliat 3P»ftr e i»»9«r «ii t«ii «««lii^fi( ««• •##•# 
mtir «ft«r tiM aMttas i>f t te «#tt«rt« H«ii«f*r» t t * •fttttttt«A«e« 
van rspiiar FMogBtst^ mta & ]r«ftr I«t#r ttt e «tliilt«r t^ rMpoKtm 
($)« «%oiit iialf « f tkft total ttiMllNir #f pap^i^ i * t t« vitii I t , 
ToA»r» ton fittetiiiBg« npiMMii** to hmm l^tttmm tli« aontntat f i«t« of 
ohroMiiiiirsi^r <$»« to im taportust tool for ro«oayofi out ottolrvto, 
Xt to ono of tlio i»«t oooftti OM« vorootllo osotyttotsd toelwiQaeo* 
h oUroooloftOQi I to t ln i of tlio oorll«r ooRtrilMitloiiffi to ttito 
ft«I« OOtt %0 itiPOII 00 follOWOI 
Yooy Cimtyiiottono Cowtrttottoo wotfo iloforoitooo 
Wooot Foriftoi Miirtiawiilo (6) 
Ivooktoli «ttor W 
tyootaoat irttti vooi 
logo. 
-^ 590 • • 0 . Artototlo 8Ngiooto« flltrottOM of (7) 
000 votor tlirooili 
oortotft oooio« 
tt9« flio^pooo oM VOf Kooofotsoi tlio ykoooMOoo (t«5) 
of too oaiolMoto to 001140 (oollo)« 
%tttt|r wmA m%9i9htmmtrf 
• f t«» «Mili«»it fa 
•ItnlttfiMi • t l t«At« 
t fOf Hot* Mi# iKMpl«r i |«t i i«»ts«i tli» f t r t t (9) 
S9<^U4 Omit ty«tii»«ts«i lfi«fi«iit« (10, f l> 
i d ii t«e&»ol«gt«fil Mial#« 
t f t i irt«iii»r f«Mit t f i«« • l « r « t CIS) 
mii tunrte •«t«»» « • tti« 
f « r t i l * iMi^Mitlitttt* 
1939 Ai«Mi ««« B*ta»« S f v t I i t t l M i •n i i « t« (fS) 
« i iit« t « %rtMi ti««tlNir «xv«rt» f)r«i a l l mww UMI w«rl« w«ntta( 
Ml I I I * i«v«I«pM«t mt iMtHOCIiiitti* MitMrlalVf M I iHm tb«err •< 
I M I MMMttf* mtA m I t s •yy l iMi t lMi* * f l i * vtttMit AiVMMifts in 
«lii» f l « M k«v» %9«m lit«liltilit«i ttt ^ » fMirtH •jMMftwi (98) 
^ i r t alto ftp|Miar«i tm tti i* ft«t4 I9$»5t>« 
in tll« f M t UMlt i t t« • •iiipl« t««ll1ltl}m Mid tlMI •f«i|MM»t 
• •^ra t tmi t «»» %• •••o«lplt«}}94 vttli mmlt «9l«Hi« •»< In • 
f rMt t t t i of tii« %!•• y««BlptA tgr «tiMir t«iawit«M»« 8««oiiily« 
•MMi •xe«lt«Kt ftvpftttttitma wiy %• ««bievc<l» •!!»« 9ir«» mwll 
ooltanii ar« «^tvftl«ttt t« • I r f f * ttwiber 9t matttihmttm* 
(tfoeor«iloal pint**)* fnvttwrt • ootmrn ii«t|^t 8»ltel»u f«r 
alMOtt m^ tf«»tfii« tf«gtr«« • ! M|»«rattMi • •» iiKaiillr ^ fvalitlF 
••!•«%•«• Slnod war «i t«rtal tiMt #^« f«m tost in toltttioB t« 
ilif ^r«f«r t»f i«t f«r tlM t«iiiWOfcMig« «s»ly«t«t ttst* tiielad«« 
•o l iNiIy f1i« ««tl«r««oiiiis*< Ion* ! • •» 1ii«iie «Qiinfiiilr f<»«Bi<i tti 
•Utttoo* MlattoMPt %m% • ! •» •pylt** to tli« t«iw «iii)ttoii tins 
fonM^ %y ••npl««lttf asH %• Baii*to«t« «Bt«rt«l» «1it«li ««» te 
an«« t«i t« %9r vartiNi* «t^««» MI«I I • • Mti-^Mi* wr ttM^laxlag 
iniii«tt4M»* AK t»|i«Ftftiit avfi^ Vt • ! thiw t9»imt^ifm ! • f t * r«fttff 
ooilbtaatiMi wtHi mttnr rapti ciMi «»««f« laialr t l ** ! t««lMil<i««« 
•iittti • • apvetrai^iotoiMtfTf i»*l«r«frttplirt Mii tfot t««tljic, 
ti««t pm^rimlf at l«««t ! • tlM tii»ri«ttl« f t t l i t t« t l i * ooKitiMittMi 
of t«« oMOliaf wttii r««i«Mtrto toolNit^MO* 
AB to«««i«lMiai« fF«o«»» %a«to«ll|r tavolvao tlHi owrtifiMitiM 
• f mM» • • t i « i •4«ttl%rt«» I f •» Iwi oaolMi«g«r «Mit«t«tac 
eontftftiiiiif *B* ton*I tfc«s tiM « I«IM»C» pro««t» wmr %• r«|pr«ftint«d 
In irtiiili ««•» of tiM toii9 ifittielljr pr««iRit la tfc« «x«ti«ttg«r 
^ • « Imire imtti r«plM»« Hy in * !««• froM l^« noletloa i^a««« 
leu tmehmrngmm art^ «1^M« tlic itt«oliiil»l« wit^rtals emrtftng 
exolifitig«alit« oi«ttoiit Ar Milofis fliRt ««» l^ a «xi^iiiNI»« f«r • 
•tol«tit«w»trttt0lly «f«tv»ifiit naoMit mf itth^r iona »f tli« taa* 
• i i « v^Mi tb«3r «r» im «Qnt»et vtili ftit • I t«troIyt« • • Iv i tMi . 
•i«lW)Mg«r«*y ••« tli»t« at •x«tiin»f««fti« Mit«»»i *«iit«i aoMliaiiam*** 
flM • t tar ta ls ••fMi%l» 9t %•!;& ««tli» maA mi i t i «Mlwag* A M 
• i i l l t i Mipli^iari* toil «»g|iiHii«r»« fli« lii»«lrill« twmtmmk • f 
m tmn — i lnwf r • • r i i t * • 9««ittw« (la I « I M ioiiMattr} ^r • 
»«g«tlir« (la • • t i«a MMlMii««r) «l«atrt« Mirplaa atwrga wlilili ! • 
•wiyaiaatai %gr tut iaaa at amiaatta atga aal la i ^^awitar i«aa*« 
flia aaaatar toaa art fr«a ta aata wtl^la tlm fraaawwrtt aa l^ %am 
%a ra^laaat I f atliar i«aa af Um mmm alga* flia faaiaamtat 
pnpwt^r af aa laa aialiaaiar ia Ua aalaailvltf* I t iatai«laaa 
tlHi afflaiaaar vf < fvaaaaa ta wiitali tlia axatMiagar ta aaai «• 
i$m9m tttiiii •«» %• twIiivtiMnitlf rmmw0 f ro* tlit «itlHi«i«r fliMi«* 
f t «!•» 4ti«i«lii«» tlM r««ilMct» irllli irlit«li i»» or ««r« Militt«i«-
m»t wttiel^  foMi tiMi» mf l i lm ili«fi«t • » • 1»* s«|iiiriit«i t r t M 
ton-flsohi^iiit olir«Mit9irftfliqr, Vli* ••namtioii of «•!«%• 9t»kt %m 
m ehvmmt9tfm^1m prwimw $^m^9 mpoo tlM •#t^«U<iB ^f tiio 
fmtik •tiitr«f» «tti ttio iitgr»« mt tfirtaAiiif of tMtks* okvtMsly, 
OQM^t«t* ttpumttflfii of tt«rrcHr |Ki«lrt ««» %• 4«lit«t««# wttli ttw 
p«iilr ««Btr»» olestr t«i«t!i«r tlMt» i f tt i* |M»«lr« ftr« •|ir««i* fli« 
letttiloQ <»f ]|^ «iiit • • a f r o tStpesde ttpoii t ^ ••l«tt«*i sorn^ttv* 
dfolllliFtiM «« <|«t««wlmii %r tlift f«t|p^ttir» At«trl%nttoii 
(parftttoii) • M f f l o i M i * Mid tlie t«^p«r«t«rt« fft« iit«rMtt<i«ii 
%«tiieiis ^ « ••loteii sttd the sottast l««dliii t9 dtttt i t l lar partt* 
tton •««tft«te«tt mw liyir«f«i %fMii«t D«%r« tor^ot^ TsnAtr 
W««l«* f«r««t Mie •p«eifl« «ktirit«^l tmt9M%tmm* 9«at wttfUi 
«r airtraMt ! • i«t«i«liit< li^ lii« • § • • trumpmet miA kt««tt« 
9r«t««Mt •»<i is f« t i^ * i to til* e*l««i •tt iolMwr* ^ « ••]»«r»tt«« 
• f t i« i«My of • o o i M nam h% wxpwm^ in tof«a of ^ M mmtkwt 
• f tlioorotloal platot to tk« ••Imni* fkamrotioal ylata i « •« 
iap«rt«»t fonHMtOTf r«^]r**«itt«i • aiogl* •«itl&kriwi otay* 
fHo «aHi)««* of tiiaorottoal yUtoo i « voaanroi fiN» tlio Mtool 
olinsatagiPMi t9tm tk« «K^«afi«ii 
^ t 
• •• t« ( ^ j • 
nkoro • t« tlM « « * « r of tlio«»«tl««l f l a t M of • ooliMi t«w«r«t 
6 
|itM« «f «g|« I t tliMitd %• notei tbtti V t« «ot tll« ^nii* mtdtli 
of ilM f««li» iNit I s tbe vtetii dit«t««A trim tism tat«r«tettQtt 
• f tilt ^ t * I t s * witit tiMf«iitt drawi thwm0t Hw tafltftitMi 
90tstf et •tMrti v t i * of ttM» ii«iiK» HttglM^ i«<ilv«lMit to • 
ItiooirttitAl nat« (NiTr) t» tli« OolaiMi limit!i dliridcd %r ttt 
wtf f t t i l* d iMt t iM««nr* of tli« offlotiAiey of tlio OOIOMI 
operation* for a titfji offloltsof* a t«it|o iMMiNr of tMorottoal 
l»l«t«« to m—9—wf0 fo HfFoM o tooi ooltMtty tHe IflSfP ehooli ^ 
tto Hiort • • f»o««t%lo« 
flio oorlr ajnitliotio iao oxelmiigaro vara largolr felatloooa 
alimtooallto^toa tarawA farmttta* fititea t h ^ vara not ra|trodti«. 
ot%lo to %aiiairloor a»i nara «oat»1»ta to aatil aolottoOf ttiaf ^•rm 
raylaoa4 aolaaooaotly %r ayottiatto orgaato roataa olitcii ara 
aopartar to t ^ l r oliaotoal ao« awoiiaiitodl a ta l t l f t r t toii«-axaii«afa 
rata tmM iForoatttttr* AIHNNii^ onaato raaioa kttmtt ootll 
raoaotlyt iOitfooto4l tlia f ta l i f tliatr oaa ta t to t ta i Iqr irirtaa 
of tliatr l l v l t a i a taHtt t^ ooiar t l a oao<tttana of titgli 
taaparatoroo aoi atraog fo«tatta«a wktoli oaoaa atgotftoaot 
okaocao to tliatr oayoattjr aoi aalaottvt^ (39)* THaa, aa 
totaroat to toort«ota oatarlata aa too aiolioafara vao ravlvai. 
At fraaaot tkar aooopr tliatr ooo foatttao to ¥im f tal4 of 
too«-oaeMogo tfkraoatograiiiir <it«%«t^^)« 
Timt 
FIG. 1 DETERMINATION OF NUMBER OF THEORETICAL 
PLATES 
A««#r0ttti to t1i«tr iiitvt«»I •»%«!« mtfi •tmtti ir^* 
•yiifli«ti# tnwgmie i«ii «soli«iig«rt wmf 1M «l«t«tft«tf Mitiilar 
into ili« f^llovtiig • !« grmiiivi 
( t ) tii«f»iti»i« «eM «ftlt» of 9#lrv»t«»t «etol»« 
CS) nyartmt fiil«»t of potyvotottt Mft0t«« 
O ) Fott* of li«tei^opoSyaeli»« 
(«) ttifMit«(l»l« tiiwiioyftii«f«mt«»(fT>* 
(9) Pjpattietfe ftlnatnootltoiitoo* 
(S) lft9«@tl«ii«oft8 imwtgmAe oMtiattfora ««g* «6ro«f%fS« wilts 
m€ liot«»ctwi |ioi3f|plio«iiii«to* 
Mttiotsi^ tti« odtortaSo of e t i tlio @t}mr# e«togorte« ftod 
teportoiit Ofptloatioiio (%0«^6), our tmtn @«^®t« v t l l %« on 
Hio tttteloilklo oold oolto of polyvotent eetolOy ne tliiy |Mi9ioto 
fMon ootttfnototar pr^^ortioo* flitsr ore ptodoood fey ooifMtitni 
goaorottr tht osi^o of groopo 1ft § t% V oMi f t of tlio iMirtodlo 
tofeto* A Itvfo ooolbtoattono of •mh aitortolo iMiro lf««i propiirod 
(47*69) Iqr vixiog plio«9lioHo» iif««att, Milirli^tOy tongttlOi 
ootlaooto, •«< iwooito oofgt wttli siroootMii tlt«iit«a« tlOf 
^ 1 _ I iron* iiliTftol MM oliftiiittk tootoloOM liiOMiitti« 
olekoly oolMiIt oto* 
ftfOOOtoB ylioftpiioto to iMraMliljr tko aott onftoootliroly 
otoaiti ttttortftl oo far l»otli to tlit o^orpliooo miA Ofyttottfoo 
fofwi. Tt bat feooo «••« to mirloot f lo lgt , tiio aoot to^ortoot 
%otog tlio oooloor ftoKI* I t im* %••• ottitood for ttio poriftoattoo 
of oooUot w«t«r In otoM««>0]poto oooloar roootor wyttmm (70»79)f 
In «lii«li 4lM tMi^ratwr* • f wftttr ! • •yyrwtaiitAly 900 0 m i 
tli« fiff««Mr« i t «%Mt too «t«« Am*tlMii* t«|i«rt«iii mtm mt 
«iMr|tb«Mi tlrvoatMi fli^^pbftt* Us* IMKMI t« tlw fMif^«%l« tmft 
Ot«lr«t« •jrttwMi (7%)* Vf«»f irtiteli t« t i * •MqHPOiii Olttt3r»«« 
iiiaii«f3r» i s ««t v«««tir ««K%«A %f • • i o n coiiMHit** -1» m^%w %% 
Tmmv H fwrnt th* «l«l]niiit#. I t In ^r«r9ly»#e f« HMmilwi 
esfHoMt* %9r t i l* mmfm mfm—» fli« HicSiriafe l» ttim ytsmii 
•vrcr • «»t«Hi ««it«ltttfig tt«tt<vat«t «li«y«9ftt «ai stf^MttMi 
plioft{ili«t«* tlf«MiiiMi fktttftistt t«k«« up ftiMMitMi too «r f«m 
lat«ra>iAt«o •••jiwiiMl wltb Ml . * Otiuir ott^Bte mmKtamlmmtB 
ar« «f»li«d %r 4^* 9a%Um%99 a«fD«tt* ^rsOvetlon «f •flitrioat 
fiftrtl«l«» (79t7<^l» pf««l]iii«ttiii of stlttta §mt «nto tli« 
simootiNi i^ (Mi|i1iftt» (77) iaMl i^y«ltaetttii of f l i i«r»«t^lm* 
( f l u M ^ l c t t ) •Mittttf (7i) 9W mmm of Hi* fmrtliAr «tt«4ptt» to 
imprmm tiM ota^tlt lr « ' tttooBliMi ylioiipli«t« for i to wtior ooo 
t« t«i*o«oliooio tooliooloir* fitto witortol liot oloo tmmi 
opplfoottwi to wttor ooftoottti i^ vooooooo. A ipotont IMO IMOO 
gmotoi for tiM 000 of stroootow fhoopiMHio to Ootorfoato (7f)« 
I t Mo oloo looo oood to §00 oUroaotofroyiiir for tlM ooyorottoo 
of oatooo 00 tto ooloooo ootof Ml^ oo tlio iMAitIo pliooo (OOfit)* 
•lotSorlTt oiilorifcyiroooi»ooo ooi aorooytooo teooo loos offoottvolr 
ooiiorotoi oo oryotolltoo potoootott otfoootoo fHooplioto ( i t ) * 
ioooot opfltoottooo of olrototoM yliooglioto tooloio tto ootolytto 
%«iitirtoor <•$••§)• Ooo of toorioolo 1km oMiMNitoro oo ooiliroooo 
10 
in t»portaat frcw ttw liitfii««rtal point of vi««« Tbcrjr would 
{uimlt • htghvr t«i9|Mir«tar« to bo uood on^ l o groator offteteQcy 
to %• ottotiitd «• ooaporoA to tbo org•ote rootno* Esebango 
flMiiilbronoo tsfiiro l^ omi »»a« fron byaroas tbortom oiidl slreooltm 
OTKldot %y Ho^ en ond ooworkoro (87) vbtoh hairo been found o»@fal 
for do»loor»lieotloi} of aaltno water. Aoottier totoraatlng 
appltootlon of tnorfantc ton oxottangora tia» baen tbatr uta aa 
antioorrotfvc aa»Ht1vaa* Uit»o^ enfl Honajr (88) pr«para« a thin 
atitat of airolienger nhtob, wfeen plaoedf orminiS a Btael tuba to«arta«t 
In Vm aartti, acta aa a protaotor. 
Apart fro» the largo ato^iea mnA^ on ttie alngla aalta 
a« ton aaEChangerty double aalta baira alao raoetvoi* ottentton 
(fne to tbatr aora proartatng ton^astobanga babavtotir* Table f 
atimiartxaa tbe aaltant faaturea of tbe double aalta prepared 
ao far. Ztreootna pboai^eatltoate It probablsr tbe ft ret to 
tlluatrate tbetr tvpertaat epplteattenet eoeb ae tbe teelatle* 
of pltttentiM (89*91 ) • fltantMi pboepboatlteata bee been need 
(93) for tbe eeperatton of reilevnoltdee. Slvtlerly, ttn(l?) 
areenoptioepbete (95t9%) Md strteatttai(fV) areenoetltoate (95) 
beve ebovtt e«ee tvportaat eoliiMi eeparattone* 
Onee en t<m«>exobenge aetertal witb prowtetng ton*esohaofe 
properttee end enaljrtteal apnlteatlooe bee been ayntbeeteed, 
tbe next etep te to oaderetend tbe »eebanteM of tbe ton^exohaage 
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t@6« ^*I>*1lnmt «IK» 1l«tifb»i* A»tt«l»lt»»t ^ t%t (1979). 
ti7» ft*««eii«%ir«rtiitt me E»s»»iit«tit»«>vii« iii*9viia»«lii«»t 
• g , i iS I (t'mh 
t8i« B*»,Oh«tverlti« «ad C»S«ftoi«littt<yf»» I M « , |2» f l t3 (1977)* 
te9« il«c*#ol»t SvAifiMNit «a^ lt«p«8tm^> i«pii*i«l»fMlnMl«^ 
a t tSff ( t fOlK 
150« tttmrnmnQt f«BC«t^t9 ll^f»li««iMlii «tt<l S«f«itt«f aatl*CN«« 
8oe«;rpii#t 22> ^^^ ^^9?9>« 
S91* I«ffi«i«»« K«I««»«, ff»S«tio aoA T«SiistyWMi» ililfl» 
a b 7%9 Cl9 i t ) . 
I52« P«e.ii»eiio<! awS «•«••«» ^•A«»CIIMI*S««.^ g^ t^m ( i9H)» 
US . t,e.ltMli*« wtf v .VMi , tlit<!« fl^ 689 (49*f># 
15%* O.B*109f«f A«v«A*mt«R •»« l«,S«IQr«r«« t%t«« |2» StSi Cli9%7)« 
t59* »^t«liMi%«rgt t%i«t 2i« 9*9 (1955). 
t97* ^vK i^v* Mi T«fiki«it« eMpt»iMi*AMi«9«i«» itnc*, 
t» i i% ( t9 i7} . 
13t« 9«eMit»«ttii«t t#*lteMtit» t««MlrtM M i t»«s»lttlni« dr»i»«ri« 
irMl,CliM., ^ 175 ( t 9 i t K 
139* ••II*1IM««1U» awi »«fttt«if«M» t l t iy 99» 899 ( t9 i i> . 
mammmmmtmmmmiimmMmmmmmmmmmimm 
mmmsiB nun tm^mmmm wmknmm or A HIGHLY an^icnvE 
gKMIIAfKll or MfAL I0MI 
28 
A l« i i« tiwiWr of ittorgaalo witorltilt fottt tot^t i to -
•x«it«ttc« pro{)«rti«« liairt %••» tyntttosisfitf ana umH for varteti* 
••l»»nitl«i» of «»iilytlQi:it m€ W9.&tmhmBimt t«iMirtQ»oo (t«5)« 
fhf h»im A» iidvfiotiifo ofor tlioir ori<»«io oeostorparto IMO«««O of 
tuotr htRlior tbofiMl oiKI iPfi«t»tloB otaliilttloo* Vliosr oro alto 
Mor« aolootlvo* for omB«|it«» tinClf} wnaAoi^ oopl^ ato (6)« 
•f»io£o0r««B«to (7> end tOBiatoaraotiato (8) art ««lootlir« for 
filkfittBa^oArtli iMtat iooa, ¥lnCrr) i^ racaopttosf^ baio <9) aliowa 
gooi 0fflf}tir for aoao (^aartvutaot iwtal tout aaofe ea ¥fer and 
8r^^« Rowavar* itia votlt poibltaiiad on titaaa «atartala Haa %aa« 
•eatly on tHatr firaparottoci ana |»f«|iarltoa« and nona o» 
a^ttoattooo otfear tli^fi to oimplo Mtiet^ or tamsfr atxtofoo. 
fHa praaaol troflE to otwatf cit reMaiHytc^ thta aiiiiattoiit (m6 
illQitri^tliig ttio wtaar o t i t t ty of tliaaa vatartalo* 
gtre«fil«i<T?) araanof^oaf^eto prapnrod aarltar to iMao 
laiioratortaa (tO> tieo abown prowtalng too*axQtoa»ga ohoraefartatloa. 
I t alioirod im toeraftaa to t to ton.»oteiiRtiga oap^etty antf as 
l«ii»roira«aiit to f t a oliaataril ataMllty aftar ttiaraal traat«a»t. 
I t waot tharaforOf «aal4la« to fiaira a asrataaatlo ototfjr to tlita 
«troatteo to a vtaw to oxiiloro fooattltltttao of OOMO aoval 
aj^fltoattooo of tliooa •atortola to mirtooa ftoMo ooeli aa 
pollottan olianlatiy* vatar oofta«loi» aoalyaaa of tfrotat rooka 
a«« aSlojra* aoalyttoal aojparattaoo 9mA o|»ot toato. fbto olio|»tor 
aooaiartooa tiM roaolto of a arotawitto atoiy o« • htglity oaloottva 
•tro«ttt««(I?) araaoafAioapiiata oattoo oxolwoiar ao« tto Ofi^ltoattoB 
to «atal oofarottano of aoalyttoai to^rtaooo* 
29 
mmmmtmmmmmmtmitmmmmmmm' 
Yrltotfint •rtlioplio«|iiftt« aaa dttodtwi «rs«iftt« «t«< 
is tlii9 9t«lh'' v«v« «f Ana lam irN)« (99«9«»99^> «iit«iii*d •tti i«r 
from fte* t«0«ll«PiMil« (ittflfHoi), mt fre» tfe« i«lif»t«ii (I»sm«t^t)» 
Ztrotmyt ohlert^t ««• c. pvoHmt «f .^Y^BcilEtr ehMileal Oo« 
(milltpiil>itf||f Iffw #«rstif)# Al l «t!i«r ff«ag«ttt« ma «lit«teal» 
ii«r« also of Analaft gratt* 
taatfiawMt* itMfl for fi»» iwrtotiii • inat** Are simit ^almri 
SI* Stfiii«« ««dt IiiAtraiwot Q*«a and H t M M N I I ^ I N I 
I « Mmrmf 0%ttttam%tmk f1itlt|)i; t - r t r aiffraetton m t t uttti 
itm tBfr«i«>r«i «b«ori>tt«ii ttofeww tn^^m •9««tr9{»fiotM»t«r« 
3* f*0*A« Tli«nMifk«l«ia«9 •Mi«l»tt«i mt • Cuto 
M lt««ir»%*laiM» (!m69l 8050) aw! a 
•talirMM «»«[NI ff»«f•iiir* fiif«c««« 
%• ll»it«MttTtty i i v f l * •limni*! MHilfs«r Cwill tff%) 
wmm§mwmnm%9 «f l l«« i r« i t« OwripMW%t«a of tmtfta t*t«. 
MtMf • Hat <TI) a»i4Mit9r* 
9 . ||R —•wtrmi i i f |)fi Mit«rt 1f«««l tf«>10« Slt«# (Xtttfla). 
fywtfcaata •t %%9 It«««»afc»§f^ a W f r i a l 
fif«a«tMi(IT) araa«9!il>aapliaia «aa prapniwi aa follawat 
Afvaaaa aalatiaiia (0«d9l N) af airaoayl olilarldat aiaa<l«H 
30 
•riMNEiete «n^ trtnoAlcni «rt1iOfitso8pliot« ««r« Aiix^d in eqniil vol ones 
en^ ttie jm of tlio i»txtiir# was f txed ta tbe ronge 0-1 Ibr a t^Hlng 
a i t r i o eota ititfi oonstaat ot t r r ing* fflio gel tfe«« oi&tataod «es 
lt«i»t «t roo» te«pei«tor« (50 C) owi^tght ead f i l t e r e d , umaliea 
with a«iitner8ll«©a irat«r (!»!!?), aaS art©d ot 40 C la ao a i r ovan* 
Th© €rrt«<! f^roauct was craofeed In WW to ot»talD f,roiH3l©« wtiloh 
w«»rft e(mv&rte& into the S* form with 1 I! l!*rO-» fb® reprodaetlillttsr 
wa« oliooieoa hy pr^mrtng tt!@ wi tar la l ta aovarc*! Imteitea aa4 
a®t®rE!taing tfeolr t«w»«©a«!i.'*ttge ocpaolty* So?^ a€i» I^safres of tb la 
^Bterlnt (fJiT) were prat^sre l^ fey lieotlng I t to rawer I teiaparatiiraa 
(tCKKSOO C) for i h# fbe r>tirt£cr' oMalaed o® feesttisg I t opto 200 0 
wbfoti era dlaooaaed feolow* 
f t wae datamlotd ^ the oolam |iroe«f«t taietos oae graima 
of tha aawpla (B* font) la a gli»«« ttilia liawlag an lateropl 
€l0«Mtar r^i mm an^ titt^H wttH ttia glaaa wool at l t » liotto«« 
890 Ml of a 1 M ffaKO- aolfttloo waa raaaad throog^ I t nalntalatng 
a flew rata of /^ 0«% lA/ailn aatf tlia offluaat waa t l t ra ta i i agalaat 
a 0*1 If llaOR aolottoa* flia Ha^-asieliaBga e^fiaoltlea of ttia wartoea 
t t iamally trwataA itliaaaff of strao«t«i(ry) araaaoplioafliata axproaaaA 
in tanM of tlia ellltaiiiitwalaata par dry grami^ ara •OHHirlaall i « 
fa%la TT. Plgara 8 akoira tba i^aretat ratanttoa of tba l«a««. «a 
liaatlag tiia satar la l apto wartooa taaparataraa* ftoa aaMpla tiaataA 
tti^to 800 0 ( a •ZAP) waa aalaotad for tba tfatailaa atodtaa o« tlia 
%aala of t t a blgliaat l«a*«* A klgliar waattlag taaiiiaratara 
(99 X ^*^^ * * * *^ '^ ^ * * ' ^^ ^^* ^taffviaattatt %f i«a««« 
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"fAfmm I * 
— — * » i iiiix H i i i i M — m w i I I Miiiiwiiiiiiiiiii i m w m w w w m i i m i«i»«i««<iafc«»iM»«i»iiiiiiiIIMWKIIIWMIIHI mwiwaiimi—» 
mimmmm0mmmmm0¥mmmmmmmmi'm0tmmmmmmmmmmi>^mi^ 
I—miiiiwiiniiiiiiiHilirii 
m 0.91 ioo«0 
2m 1.01 tf>9«€ 
wm 0*9% 100*0 
600 0«M( §9*0 
000 e.n ns 
•"WWWii" iiWiMlltM»HB»*w«W«WWIfWW^WIIp»i 
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Tfflipcraturt (*C ) 
FIG. 2 EFFECT OF HEATING ON THE ION-EXCHANGE 
CAPACITY OF VARIOUS ARSENOPHOSPHATES 
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CO*it 0«9t ^'t' ^^ t ^) *'*>^ f«•• •« thraiii^ •«irtrfil «dttiMi« 
« l ^ 41 fl«ir WBf ^^0*9 iMl/«l»« f ^ ff'*' tlias •l8t«0 oat www 
t l trat«« agfttott a ttus^Aftf (0*t M) 9«€B ••Intioii* A iwxtimM 
•lotion « • • «»wri«A vith i if 1l«ll0j ootatton* 
glutton gfftott i^y 
£50 lA of « 1 H ffeliOj oolvttOB ««• iifiosod ttiroiigft tiio 
•oloMi of tlio toii«oso1i«ago BOtortftt ( l g) to 8*^  fofa oii« oovovot 
to 111 frvotiotto of tiMf offlttOBt novo oollootod at yoo* ioapontnro 
(90 j ^ 8 0)« f t ««• oloo fOftontotf ot o vorttag towporatiiro of 
99 4^  S CI Igr tokiog o dooibio noIloA eoliHH (Ptgovo 9)f tlio ontor 
fMirt of imteli ««• omrroon^ totf Igr otooii tmrlttg tlw oxpori««iit* 
n* rotooooA In tiio offlooato woro tttrototf ogatoft o ot««#ori 
(0*1 N) NoOlt oototlott* mm ^fttOBt foloooo (1^) of H^ tvm tlio 
ootoMio Of irartooo plioooo (EA *^ a«gAl» ogi '^•i4Mr) (ftgovo %) 
ot tho two dtfforont wofktiig tomporot«f«o «oo tfotofirisoi ijr tlio 
followiiig fonnloi 
^ ^ 9 0 
miovo g|||Q to tlio fvloooo of m* por ioo •% tmA tg|||ts tko roloooo 
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INLET r oF l STEAM 
CLUANT 
ON EXCHANGED 




FIG. 3 A DOUBLE WALLED COLUMN USED FOR ELUTIONS 






FIG, 4 ELUTiON BEHAVIOUR OF THE VAmOUS HEATED 
PHASES OF ZrUVURSENOPHOSPHATE AT SO'^ AND 
95*0 
3& 
#f m* iwr Ufo ttl of tti* • f f la tat * !%••• voluMt (190 v l mMl 
too ti l) w«rt MlAOtva OB t M h»9f •f at* i^wrwattm tlMif %%• 
total foIoeM 0f n^ t« afftotoa In 290 Hi of tHo t f f l M a t out of 
wliloli ttift f i ra t 100 • ! •ontottt* tli« aajor OMOWit ( >75'^)« 
flioy ir«ro imrfoxiMA 1^ tli« aotlioA of 90f»t» MiA Poppor ( i l ) 
00 fOllOOOt 
900 m «f tlio totti»«iolia«for to n'^  font imo taiiott In oaoli 
of tlio oovoral Sf>0 • ! oootonl flortro fotloood %f ttio o^iaolor 
oolittioiio of iitl;ttli aotol oi^Iortdoo mtS ^ o l r fetjfdroxiaoo 1» 
diffofofit iroloat ratioo» flM flnol •olovo boing 90 oil to witAti^tM 
tbe tooto otrragtli oonott^iit* flio pn of tbo oolotloo woo vooorfloi 
oftor Itoepliii I t for e% H to attain oqnttlbrlMit MN! tHo fll vao 
^lottod agataat tlia «tttto«tttiral«iit» of fbo CR* aatfotf, CoiqMifOttvo 
t#r tttfottoo oorvoo for tfeo tflfforoot fAiaoao of offooBtiOi(Iir) 
araonoplioaiiiato or* wihtnm in rtgoroo 9«7« 
fjA stotfloo 
mmmmmmmmmmmmimmmimm 
ftforo • oiMfifo tlio poroant wat^t looa ooeorrotf an 
Haattng 9M ofito 900 0* 
rtgoro 9 ibow* tlia XI OfMMtro for tko oai^itoa SAF* 
a«iAr •mi ?»tap« 
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FIG 5 PH TJTRATIOW CURVES FOR THE VARIOUS 
PHASES OF Zr(lV)ARSENOPHOSI>HATE 
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FIG. 6 l>H TITRATION CURVES FOR THE VARIOUS 
PHASES OF ZrUV)ARSENOPHOSPHATE 
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FfG. 7 l>H TITRATION CURVES FOR NORMAL AND 
HEATED PHASES OF Zr(IV)ARSENOPHOSPHATE 
USING tiOH / Li CI AS TITRANT 
40 
100 200 300 «00 
TtmptratMff t*C ) 
500 600 
rfG 8 TGA CURVE FOR Zf UV) ARSENOPHOSPHATE 































OI»tri%«tiiMi •ttidt«t t«r 9mm a t * mnS triwmlmait M»t«l 
t«ii» ififv« iwrfMrwiA in ip»rl«»» ••dt« »• f»llow«f 
&50 «K of tti* MOltfiiietr in 8^ tvrm i»a» tekta tii « oooteftl 
f latk «o»i«ttttai{ SS itl of tite ootiroiity ond tlMfctn for four liooro 
&% rooii i«npof»tttf« to ottoto o^oillbrtMi* flio tot t to l iMtui too 
oooeffiiiMttoB to tlio toliittoii « • • ae adl^ osiod tiiat i t dt<l oot 
•xeoetf 54 of tlie total t«o«e« of tlio aatorial , flw watal Ion 
ooooeatrottatt In ttia I t ip l l i fliaaa ««a dataf«ttM»<l tfy nwii 
tttratiooa (%9) mM t!io i^ valooo vom oatooiatod %9r tHo 
ostmroataof 
wharo F fa ttia fraottoo of ttio total iwtol too oonoaottotloo 
to tha aq«tltl>i»BtfMi lAiaaa, Y la tlia volona of tfea imtotloi («1) 
Qttd If la tfeia ataaa of tlia axeliAatar (g)« tabla l i t ooiinarlsaa 
tha 1^ iraloao of aawi oaaawo aatal tooa tfHtalaad on aavpSoa SAP 
ao« a«SA!» l« varlooo aolvootOt wlitio ri<ovo 10 ahawa tkalr 
oooparattvo tftatrllNittoo bakartoor |» BMT m i o,oi II mOj m4U, 
for alkali aaitala (lta(I)» K( f ) , !ik(I) and Ca(I)) tko 
traaar taokniaoa van oaoi* fko following nnolldoa warn naod aa 
radlotraoara vltb tkalr kalf U fa ]»orloda akown In parantkaalot 
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FIG. 10 A COMPARATIVE DISTRIBUTION 
BEHAVIOUR OF THE NORMAL AND 
HEATED ( AT 200*C)PHASES OF 
Zr(IV)ARSENOPHOSPHATE FOR 
VARIOUS METAL IONS IN DMW 
AND 0.01M HNO3 
45 
fli« f«ll«iriiig «tt!i«tf wi» «••« for t i l* ^•t#r»1«*ttMi of 
im m ^* ^ * oiEttlimiitr tn U'^ totm wn* talroit in • OMitoai 
flaok folt«w*4 %y 60 «1 of tiM nolveott t • ! of tlie iMtal to» 
•olotton and 1 • ! of tHo otirrtor oolotioo* ffeko oootento woro 
•balioo for % H III an olootrto gimlMir for ottaittttig OQntltbrioH. 
10 « I Of file oti|Hiffiiftt«»t tt<|ttt4 «»•» tbottf ifttnartmii for iwttnarlof 
tlio aottrltir* fii« oiaodfirA mAtoftOtlrity of tlie trdoor oolottoo 
liotof Imfyifiii tHo IB^ i VHIOOO ««r» o%tatQOd %y tho o«» of tlio 
oxprtooton (3) kocptog *r* «• the frootioo of ilM aottvltr of 
traeer In •olotlw^ ®t o^tlttirltaitt ftio 1^ valtieo voro dotonstooa 
to II0IO| oolottoBf) of voiTiiis f0 Ct to $} &m6 WS&m ftforo l i 
•lio«r» tho rarlttttoo of 1^ ralooo of olleslt wotalo «l«h tHe iiB 
on flio oaaiilo thp» 
Sonorotiooo Aenio^ ypg 
flio 60*t00 Mooti oisotf ^arftoloo of tlio i»^OMg«r (8 g) 
to IT* fofw voro «to4 for tHo oolmio oi»orottofi to m glooo tobo 
lioriiii am tototiiot «t««otor of r^  0«6 o«« flio OOIIMR « • • votrtioA 
thoroogHlr irttti vm mwA ttio alxtoro to I M ooporatod «• • lootfotf 
oo tt» witotolotog « flov r«to ofrv>8»5 dro}io/»to« Vbo ioporottoo 
voo Aoktovo^ iby poootng a oott«%lo oolvoot tbrooi^ tlio OOIOHI ao 
oioaot a»« tlw awtal tono tn tiia offloont voro Aotomtaoi 
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ton* (ft«mr«9 f8«l%) M a<4Mf> «*l«Hi« Air* Mnaitrts^A la 
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FIG 12 SEPARATION OF A U n o FROM OTHER METAL IONS 
ON THE COLUMNS OF Zr ( l V ) A R S E N O P H O S P H A T E 
HEATED AT 200°C 
a O O ' M H N 0 3 b |M H NO3 
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0 20 /;0 6 0 8 0 too 20 ^0 6 0 80 100 20 AO 6 0 80 lOO 
FIG. 13 SEPARATION OF Fe ( I I I ) FROM OTHER METAL IONS 
ON THE COLUMNS OF Zr(lV) ARSENOPHOSPHATE 
HEATED AT ZOO^C 
50 
a : 0 . 0 f M H N 0 3 b;»MHN03 
0 20 4 0 6 0 8 0 100 0 2 0 AO 60 8 0 tOO 
Voiumf of f f f (ufot i ml ) 
F»GI4 SEPARATION OF Cd (l l ) FROM OTHER METAL 
IONS ON THE COLUMNS OF ZrUV)ARSENO-
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f l i i i i 9tn0f btghttgbtt i i * f t«l i i tiit«r««ttii« f««tQfii« 
• f sIftaMiwiCfT) arstiiop^iMipliwt*. A» vvmimw* to tli« •««|il« 
pf«p«r»« after ifyytng ti>« i * l et %0 0 (f!Ar)t tli« taapU o1it0tn«« 
«ft«r ti««iitig at SOO e for cme liotir C 0(.»SAP) po«oo»MO o iit||li«r 
l,o»«», wtiotBt d«t«mt»«^ at woom to«|»on!itar»* 8«ir»rat rvpottttoBo 
Invartfifily mw&% tliat ^ « tsortooo In tlio t»«*o» t o ^ i 0 4 
(rtgaro i )« flito to m oniitiiol %«ii«irto«r for tfiori>iiile ton 
txohr««goro «tilet» goaoraltj^ otjow a daotoato t» tlioir t*«*o» oo 
tioattng, iliiottoar resarleable profierty of BtreoiittMidT) oraono-
pboofiii&to ta I t a Uti^ paroeat rat^ttott In tliii l*o«o« on Iteatltig. 
I t ratatna atooot 75^ of tta i»o«o* 0wm» aftar feastttig opto mo 0 
(VaMa T f ) . Alttiottgii a titgliar l»a*o* w&e alao reportad (9) for 
oliroalts»(tY) araanoj^oai^ato baataa opto SOO tt» f t waa not opto 
tlia axtant tAtmm %r ^^ (ftgtiro S)« A htgttar vortctng ta«i>aratt]ya 
(99 ^ i C) fortliar aaliaaaaa ttiio Yatno* rar «ix»iq l^at tba f^aao 
OlktatnaA aftar iiaattnc X^^ «pto %00 0 {?«tAi») gtvaa an t»a,o« 
atnoat a«ial to tkat of tAP, at roon tanparatara. At ^ 99 Cf 
aa ttia trarlttng ta»i>aratarat koooirary a l l tba tlirao pliaaaa (SAr« 
a*SAp, an« ^-fAr) poaaaoa tlia nrnm t»o«o« (U9 wmnf^vf c)« 
fkno a ktflior nofldnt toii|»ofotnra» prafara^l^ 99 C, •fif>oara to %m 
•oro faro«ra%la for tlia asolmnto at too to iMoaaa twra oparattva. 
A liiiliar i»a»o« of a«»tAP oo oonparod to IAf» tOt ^rolMiMyy dna 
to an Irrovarollila ronoral of astafnal watar nolaoolao on lioattnc 
tlio nMitoriat npto 100 € • I t la a«%atantlatotfr I r tiio tlioraogr«« 
57 
««t tiior«M« 111 i l l * !•«««• of SAP tn twftttiii* «liiti«ft rat* f» 
also aff««t«d ^ Mftttsi* t t ti}or«d6«e iit)f)r«ei«^If vttli «li« 
ttieir*«»« t» 4li« Mating «ii4 vorktiiff t^m^tfttnw^* (rifttr* %)• 
Tli« ^ tttriitloa o«innt» (riitifiie 9»7) «>rt» Howt^ Ptrt «of «ffti>t»a 
•tgttlflofflitlir liy t\m ttierwil ir«Rt««!i%« ¥li«»« o^»«rvetfon» 
point out 0 p0«»t^tttty of ooliii a «SAF «t a» eloimtod tttiiporottiipo, 
tmstiltalilo for ao ^rgtrnio i*«»ttt. 
If! stoAle* of t ^ tb«nwtl|r treetttf vH^m^n (rtgoro 9) 
r«vof}% ttio pr«««iioe of ttio •mm fuoettooal group* @e ol^ftrvod 
to til® nor@®l SlAr« ft)»6» ol>««rvattoo« oiipiiliMftiit oor exi»«rttieBtal 
data aliotit tlie {^erttstnaoo of t»«*o* in tbe ft»{it«d |il)o«oo (a«gAr 
ond '3-KAr)« X-rsy itffrdotogr@ii«t hOKr«T«r» ^o not sbov oof 
f^atta of ffpiir«oti%l}l« totenaitrt tboo to^toattng ttie fmorf^osa 
BRtoro of the ast«rlal oveii on iieatliii . 
tho dittrtlmttoo •t«<ti«» for ttie alkali «atal ioea ravaal 
an iataroattng faatara of SAf* f t atiova • linoar tnoraaaa in 
log E^ iralnaa of alleali notala againat yR (Ptguiro 11)» tlia aMmiiNH 
atfaorntion laing for gk<I)» flia ^Im^mt of tlioaa atratght linaa 
aro faung to %a in tlia foliairlng organ 
If (I) < « ( f ) ^ ca<f) < «li(t) 
flia affaat of tiaatlng (ofto 900*C) on tlia aalaatlvttsr Mhairioar 
of siraaninnClT) araanapboa^ata la aanaartaag la Ta%lo f f t , 
a.gAF la lilgmy aalaotiiNi for alnoat a l t tha oa«aa« mf\ tana 
58 
0t«Ai«4 to sm^ «• againfit SS/.P, frtifoli ! • ««t«etlv« only for 
M(ftT), r«(fn)ft rb(if) ««« c«(ix)» ®» rigof«> to iniift«rdt«»* 
fbl» profitrtr hut «iici«#a«fttlly 1b««n u t l l t t t d tor tl3« r«novitl 
<if «*t8l totift fron ««t«r« triits « «at«r tmiQilt eontatittiig emtal 
l»piiritt«fi ««• |^i»sfd tbroitili o tttslt oolaxn (9 g) of a*ii^r 
tfc© ifl!parttf«» sgtitviiltfttt to S56 «i^ » Cii0O<^  omita tie ternove^ 
fro» ttie •mptt* @l««e ttie loa aisefiiitisar ts Itlifilsr eta^lo 
otieeiioslly ttie efflnoiit dots not ecmtetfi cny dotoeteMo afKmnt 
of Zr(lV>g p(?y or A»<VK t«»toa li!? eo «to»l« atjeorptioo 
speotror^otoiwter* t» 0*1 H wmij o.^mp ettovt u gro0ter 
fieleettirity for AI ( f I I> ftstf 6a( t t ) n* oomperotf to ttio normal 
mp 9Bmp%w% B«»oa 00 tut* fa«t Qiiiiiitttiitlvo mp&r&tim» of 
Al(Ttf K FoCftf > and Ga(ft} fron otticr notel to»» trnfm ^•m 
aobtovod (ftgitftto tt«»l% ttod faliloo tf^tff) on ix^i^p oolimo** 
Tlio eolaan offlotenoy for tkooo oopivottoiio o«« h& oiti^ rooooA 
to tofwo of tbo mtP irolooo (foliloo tir^mr) detonvtooa (n) 
ttmt tlio •xproaoloMi 
f * 
wlioro t* to tho ooliMB liotctit <t2 « • ) , % le ttie pORic nldtli («1) 
»t a botglit of 0*36i 0,^^ «»« ITjjgjjj i« ttoo olitettt volimo (•!> 
• t poolt* flio o t l l l t y of atrOMloiiCXt) oraoao^oapliato ta alao 
•pp'rtttt fro» tta a%tltt3r of iMtag rogooaratotf mmr ttsoa l«for« 
59 
mxf «]ipr««liil»l* lo»« «f i t « f«ii»«(selt»nttt o«p««it]r» SMM nor* 
luportant ftpfilitcttons of tittt i « i •sttiftiie«r wit I I ^ dtMs««»4 
60 
22» %5t7 <«97t). 
5, •.l»«k«rrtE sod V.v«««ly, t«t8«t«t |2> *^*5 C«972H •»« 
%« A«Cl«8rfl«14| 6«fl«9aBOoltfi« end iivfl^Bletsiogy in J*A* 
tfartoticy «iiA r«ltftr9u1i» *nEoii Ssehaagv «i<l Solvmit Extraotlon*, 
Vol* 5» eti, t , ll8rQ«i tUMlfw^ WW Tofft (1975)• 
5. H^^^Stii^ mil S,ll»»aiiaoo, ^•8ftdto8fifil.aitii«» %2> 195 (t979)» 
6* tf»<|itr««lii and 8«C»«Ssa«blli« Aiiei»€li««tf <(£» t69 (f97TK 
Sit 65 <«979K 
• • N.Qwrteiilt S.Cmar, V«ll%ai«it aadl f««iiinit il*ClirQMitogr«» 
U f , 175 (197$). 
9* K«<l*Y«rfllm«r nod A«A«thffii^  jr,tii«fi«ir»ol«C!li«B«t i i # ^** 
(1979)* 
10* X«««YftriliiMi3r M A A«i»rt«Hi«a»» $«mi*8«t«T«el}iol.i | £ t 793 
( I 9 i l ) . 
l i« ir.l*T«pii •»« K.V,r«»|i«r, ^•eiiMi»So««» 5&99 (19%9)* 
I t * c*ir*!!«iite3r« »«v,s»ti«t<i SIMI ravinr*, J«cii«i«E««««» 2j|t 555 
(1959). 
15* r«s«fiii«« •»« R.tiBKii* j«t«<*<ni«ii,s«»*t i>7in. 1107 (i90i)* 
e B A r f E « * ttt 
mmmmmmmmmmmmmmmmmmmmmimmmmmm 
•mmmmmmmmtmmmmmmmmmm' wi •> im • wmii m mmmmmmmammmmmmmmmmmmmmmmtiHmmmmmmmmmtmAmmmtm 
61 
fttovgmte toi •soli«ii««r« ar* of tf^wlag l i i t trvtt ! • 
r«l«>tl{Ni t0 ttte tr«et»Mit »f eoBtfi«lii«t«tf «at«r or eoolont 
wMlvinitor In r««««ort workiiii «t tiiiH tomp^ratiirof nwH 
i^ott»oro« <t) , «• I t 1 * goncrolly ^itvvtA tliot tliojr aro r««t»tiiBt 
to tioot «fi4 re41»ttoii«« nmmvwg vory f«w roporto (^9) Iwvo 
£ipp«erea in the titoff»tttre oonflfttttig tlil« 1>eit«f* 2«tiilni ot @l, 
(6) ti»«« fiioim tii0t o generallvetioo eHont tii« r«8tot@tioe of 
inofiooto ton mneb&mewB ugatnot rttdiotlont oaaoot %« nnaot at 
OBpporto^ f>y foaaoo ot «!• (7)« Thao, a tyvtMietlo otndjr of 
tHo off«ot of geimm f^dlottooo on varlooo proportloo of on 
tiioiiK@i»lo too osotidtigort to of gfooi ti^rtatioo in ordor to tiavo 
e aoftnlto vitm In tlilo rtgof^* Oboiiionl otobllttsr to onottior 
teport^nt factor i^teli to f«oponetl»te for ttio «r l^ rongtiig 
opnitoattono of oooli nmtorlolo. 
SSlrooiitmi(tir) orsooofiliooftiate tiss mhwm o proMlolse 
tott^ oxoh'togo liotiairioiir on Hlooooood tn Cltiat»tor*fl» tto boototf 
phiioo (a«itiM») aloo obovo «a luprovod toB«os0ti«iig« iHiliovloiir* 
fbo folleoliit fMifo* mMMMirlso oar offorto to otnAjr ttio radtttton 
• ta^ i t t t r of ttilo Mitoriol nloof vttti t to ohoato^t otoMltty* 
62 
All ¥m i««i«iit» MMI •li«it««lft «••« wim •# iMi«l«l gr«4t 
«iit«iti«d cttHttr friMi til* i«li*ft*f>w>t« (fuglQiid) or K.iitmife 
fnntfiHidiiit «»«tf f#v til* ir»rt««t ttmll** fkf giwn ^tmt 
Sl« sttt<!tir* m»9% t»9tt9mvt OMA ««d i t * ii»i*l^iiit« 
«SK Mii«n<iHMiiMiaiwi>MiiHHMMiM» < — w — w i m i i ' i n i niiiiiiii immmmmmmmmmmimmmmiimtmmttmiimmimmimimmmim 
i« tiifx«i f«d «%pBri^ ttott B«*laM« t«*to ffp^ttroirih^tMMitvr* 
&• e«lQrta*trir Btttvoli tiid MMriH Bpm%rmi«*m 
9* fB mmmBiiwwmnf gR witcrt N*^*! t»f<*tOt f ! ! • • 
Oiwpt**! •t*%ttity 
flMi ilHMAttil •taHiltt^r •f tlM i«»i^»*iiflfaf« vat^rt*! ta 
ir»rt««» ••IvMit* w«* g«t«niiln«i • • f*ll«w»i 
tse !« •€ tti* tiiapl* «Mi« k*pt wttti M9 wA. Mtli of tli« v*rtMi« 
MliTMitt f9r •% H witfc tet«mtttii]it fHatKlMg* 9 • ! • ! tli* 
•(if«i«»t»«t I it«t« Ha* •••fi«r«t«i t * ii7»«Mi mA tli« r*«t«M 
il»««lv*i ! • 10 «l af BNir, stff*«iitwi» •rM«t« MMI pii*«]ili«r«« 
63 
to ^ « 6 III portion of tli« tkhavm eolattao ««r* addta 
o«0 • ! »f 0«i n nei ana o,s «i »f o,t89^ Atooiioiio ^itssriii v«d s, 
the «ol«iir «e ^•valoptd «e« diluted io tO fst «ttti atooliol In e 
stnia@f<l votf»N»trl« fSntfc «tt6 tlie 6««of%0BO« wee awasisrta nfter 
r*®!ent «ot«tloii ««» ^v«|}@r«« %3r wtstng 10 wl of ftolatton h 
it g Bwmmim mtftd&U to 100 « ! of 9 II n/O^) vttta l at of 
•olottdo 8 (0*19 i of tiytiramliio votfilfeefe to 100 »} tmr) mnd 
dtlottof t ^ titxtoro to too Rl« froft^ fwogait &otti«tQi} w&» 
prep»n$ mwwf tt8»» to nA of ttito i^ogtot oolotloii vae a^ doA 
to tHo oftvfilo •ottttton (tt OH) a«d tHo «txt«f« wao tiootod oo n 
•toikii^tli for 19 Oftootoo* Aftor oooltng to ttto rooii tonporAtttto* 
i t WHO ttriwofftrroA to o S9 vt votiHMtrlo f l a * * f»ia ^tlotoa to 
ili« «trk vttli liilf* THo oHooflMiooo veo toko* et TOO «^« 
P i f wrtoottoo of plioipfcoroo 
Vo tlio 2 v l Of ^ o ooMplo •ototiiNi, 5 «1 of tlio oawootoo 
•olylMloto •olotioB (1*9 t •MMntoa «ol|%aftto • 100 «1 of 
64 
3*8 V 001 • 9 • ! «one* BOIp «tl i iUd to f5& lit wttn DfiT aatf 10 til 
• f cone* net) v«r« ad^ «<l« Hi* iwlii»» «»• iio4« @5 • ! vttti «at«r 
and tb* alw«i%8tt0« «»• W99^r099 •t 6fiO «p ag«tii«t « %laiili prtpwm^ 
In tti« • la t lar Mtimtir (tO)* 
f«M« mtf 9mmmHM0B ttie r«toli« of iite 8t>lii1>tlttr t taat** 
for ttio oftMpiot eAi» end a-4sip» 
2Srooitftii»(fV) orooiiopiioti^ feiato 0aii|»t«» proferoA in tHooo 
stti^t^o ir«r« »ol»J«ot«a to tlio g««iA trroatottoe nolog • ^^Co 
fiotiree en6 FoSQ^ ^ an tlio Ao^lnetor* Ylio ^oso roto «o» naintctnog 
. . 0 . . Hr./!. J «h. ^ t .> i » . a i « « t « . r ^ ^ « r . I0« r^a. 
to 3 X iO rfi<t«» Yiiooo irro€ii*tod OCK^ I^OO ^OVO ottsdiod for tiie 
•ariose proportloof tlio otendertl vntlio^ft of whoso dotomtnottono 
oro gtvoa to ehsptor-tf • f in ts^rtcmt foatoioo Obaorvodl oro 
^iTon ^olaw ondor tbo difforont tioeii* 
tof^ >fyoh»i^ [o • • f i n 
FIgoro 19 iUttotntoo tlio vArtottoo in tuo t»o»o« of 
cnjrhP wttli tho total doao givon to I t * 
Elottao offtotanoy 
fHo vartattan in tlia taroant ralaaaa (11^ ) of II fro« 
tlio ooloaaa of irro«iato« oaaq[»laa of a .SAf witH tlio total «ooo 
giiron to tlioii ia illnatroto< In Ftgnro 16* 
65 
OBSmOAl 
t 11 WlQm 
8 It WQm 
% f tHi ro^ 
t n iigSOji 
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Flfurt 17 il»#ir« tn* pB tttmtimt etirv»» for tli^ normi 
SAP •iiiiipl« tm« f»r tlM on* trr«at«t«a wttli « totnt d»»« of «o^ y«aa« 
ftgiif^ f t «liiw» iXk9 iHS titv«fton oorv«« for a*EAf» trn>atoto4 
%3r tlio g«Mia ff»atettofi« «f tti« <var!rtiii litgbor 4os#s« 
,H^fy«ry»tf,otOjil%f, 
ytf i irt* 19 and SO tllfi««r«t« tlie XR ofwotre of tlie varlooo 
trrodiot«« M«pl«« of SAF and a«8iAI> rotpoottvoir* 
Motrltbattoo ti^oirtottr for itw ollioltBo oerttift 
fbo StotrtlHEittoQ ooofflo(«iit» ««f« tfotemsiiMll for HgCTt), 
e«(fr>» erCff) m€ mitt} la vm ood soio^ oodta i^ o »«ttiod 
<lt«eo«»od earlier,on irorlooo IrrtAtotod oii«f»loo« Figtiro St ilioiro 
«B offoot of gaew trr»tfl«ti«» oa tut 1^ tolttoo for oovpSt (X^thf, 
69 
10 1.5 2.5 
Mitt imtlfs of OH Addfd 
FIG. 17 EFFECT OF GAMMA IRRADIATION ON THE PH 
TITRATION BEHAVIOUR OF Zr{ IV)ARSENOPHOS-
PHATE DRIED AT 40*C 
70 
X 6 - A a(-ZAP unirradiatsd A a(-ZAPtrrjicliaC«d with a 
total d«$» of IX (OSrads 
o o(-ZAPirradiat»d with a 
totat dost of 2 XtO^rads 
• o(-ZAPiff»dfatfd with a 
total dost of 3XtO® rad» 
X X X 
0 0 0.5 t o 1.5 2.0 
MilUmelfS of OHaddod 
2.5 
RIG. 18 EFFECT OF GAMMA maAOIATION ON THE PH 
TITRATION BEHAVIOUR OF 2r(IV)ARS£N0-
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ea (11 ) 
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I S r ( U ) 
I 
TotA(<tott «b&orfo«4 U A d i i X IO - 8 
73 
FIG. 21 Kj VALUE AS A FUNCTION OF THE TOTAL DOSE OF 
GAMMA RADIATIONS ABSORBED BY 2r (IV)ARS£NO-
PHOSPHATE HEATED AT ZOO'^CIN DMW AND HCIO4MEDIA 
o OMW , • O .OIM HClO^i , 6 O t M H C l O ^ 
74 
«f «tinioiil«i(W> «ff««ii«irtio«pl)<it« «^pitoia%ly» t f is ««id««i 
•ftipl* fa 6lS tti« im&t» •ittdt«a (f«^l« Tff}« 
l f f«et of gmnMi i%<ltotton» on ®one of tti« {^yfti«<il am& 
i t t» otmv fro» t%t» t«l>t«f on tma is t taa it|»fn ^  t€r fatf* iiot 
pfaottoailf no @ff«et» 8tfio« tt^ts ^0«« 3pp«iir«d to li« i8«offtote«it 
for tooiitimto t@ii o«e1»ang«ro, a mm^P wu® tooted for i to todtntitxt 
n 
otalrltttsp oo^r eoot lililior llosoo raa^tog ^ < M I t m ter to 
3 M to t»i«« as tiio fo«tilt« ^oo o.»mp i» fet^tr woeiotaot 
to ttevee r^di^ttooo also* &B tmw as I ts t»Owe« o»9 olottoa 
^•bfivtoer ar« oonooftioa (Iftfiifoo t9 ond i6>» Of«a»to fo<itno 
aoOfiMtpO«0 (k) 0» 900^ O t r 0 » t « « 8 t * SllMBOf SO OI»|ir«Otft%l« 0tefiKg« 
ii«» %«0A oiMnroi in i to iofforod ti^otw^ (Figaro 80)t i t wi|r %« 
ooi« tiMt »o •itoifionat otrootoritl OIK^I^OO oooor on toioM 
imtf int ioo* iM tltroticm oiinr«o arog liooovor* offootoA oo 
figoro I t ioiionto*. mwf Okow o stoofior rtoo io |A oo tiio 
oiHitlott of OR t^ ittdiooting o Miro <oi4ie oto««iotor of tko 
irr«tfiftto« •iiin>to At ooHiMifoA to tli« mirrsatotog ooo* 
A« iot*f««tlnt fentort to olsorvog in tlie ai«tri%«tioo 
%«lMrimir of a .SAP oo irr«gi««tiQB* f te gg oolooo Oitnioog for 
ttio fowr olktlloo oarUio otoOiti inoronto oitb t M total gooo 
75 
fAwm rm 
nwmet OF mum tnumAftm iwfM» mm cifEii /^ i to^ ««i>i 
rMp«ft3r •SMiiQMli ftmrnrmHtmB 
7« lHt*fFltNttllll| lMll<>Vt<KIIF 
Vtt « i iRt f t«a«t oHfinit (Vlgurt 17) 
nr««tt«»i t r M« ^tt«g« ttt ^ « 
78 
•%«•*«•« {flg«v« @t) for 6tp(fi) sirfi OftCll) in 1010^ mi«i«Mi, tuts 
r«^r»a | tn ^ « dlttrt%ati«ii l^tMivtoiir i« belpfal to QOlit*vfiig 
•oletiott*^ « iiorwel •dvpte of O^mmp glvw* ainost «t«tl»r l^ 
"VAiutt furr ftti « ^ f#isr •tfealliw •erlli»« nomm^it^ %h% irreatot«i 
fmr i r ( f t ) tn %hmm ewdla* R«r«&«y tlii« ®tt@t ten earn %• 
of I fwdiAttd (k^mp «(f)itig 0»r out of tt$e a^ovo eoiotiottft «• m 
»lQatt%» SttitlDyl^ @e(tX) oaii ^ mmiP^Mi tem& Wgttt) mA Ba{fi> 
ttfttfig O«0t M !301€l| Oft tl)« olitstitt 
77 
MM mi imi I'm ii 
(•HMIIMMHMMMMMMM* 
8* 9«dr«Stiigli end S*{l»fBttdim« •^8&aioeiiel»C%9ti«, 1 ^ 199 (t979)« 
$• C»t*^ni^l«ttt nrsod*e»d |»tdnt#eoiif«r»aeftfiii uses of t^cHslo 
Eii0fiy» 6«B«we» 2* ^ ^ Ct99^K 
#* I„S0tii|ce« i««8sili^ «0« ^•Miift and A«lstiaii®« •^fii{»iiK«Hiiel*6lkea,y 
H i " • ? (t9f%>. 
f* ^«^«li«ir« t«1l«ffitid<w and ^«S«6ii|| fiaaioeii«ti«»8tatoetti8l*t>«tt*, 
^ 9»t (1977). 
i« r*D*Stt«tI mid 0»T«8tt«lIf *6olinrtw»trte ll«ttiod» of Auolyslo* 
I f f S4a*t Yol* ft» i^ * %1i« 1}«f^ Vooif^ttd OompensTt Xtio»« 
Prlt}0«toii» Itoir HmM (1999)« 
9« E«l«8«ttiott, ^olorttMitrlo Botttsitiotloii of freeos of Mot do* 
•ol« fit» p. St8» lotorootoaoo ftfittoiioro« Nov Toilr (I999K 
16* ff«l*01ooo* e»ir*Colo« r»i»VotiiiM%o and t*A,Maiii 0«S«!)o9*Agrto,t 
Cti«» 9S9# 99 (199*) • 
^0\>NA*Z40 
0 p. jft. P_f B U m t9 
^mmiummmmim 
ccatsfumEufi m mam MAMB sm stuehm mam m 
78 
iedfefidtiigy 89 «i}# pff«««Ke« v f wnrtmm ooottitiMnitv ptttyt ft 
• i i a l re l« t« ««t«iiitiitiig tlt«tr piNiiMirf !«•« Stimml yftpvirft Iwve 
0 « r l t « r ^ t n pibl l ihtA tii tl»t» t t« l i i « • !« ( tii« v t l t l»«iwii 
ftttfttrtioal tfte!«itfa«ft (l»9>« B«w«inirf «ii i<m««x«»]iiifig« MfttHoa 
%9 ffor» oe«fiil Oft I t gtvftft ft fsetftr ftftpayatloB ftf tlio tonte 
•p«oi«0 pv^votki* Oyiftftlft wim lii»vt miftftiwa WMit ftf tli» 
ettftttttoci i» tlitft rftgftfd (Sy?) priftalily ftftftmicft of tbfttr ftuftftllent 
rftprftfltiol^tllti^ mid fttaHitttsr* Altfeoogb ft largft ntMAiftr ftf 
Inftrgantft «at«rtdtft ay* tioir tlui ftfttfttolt^ftd ton ftsoliaiigftrftf 
t t ietr opptleaitftiift In tl^« ©natsrift^ of vftet ftft^plfti er« not i»»Il 
tmoini* flift pf^ftftat «tQ<3|^  iraft^ tftftirftfore« «idftftal»iB vttt i tfiift 
Ytftir in alntf fttSft^t&iti cIvftCMlwiCl?) ftrftenofliftftpliatft ftft iMio 
Ion ftxeli^ngftr nfetleb lias glv@ii «» eis{il» ftirl^ciifto «>f itelng ft 
•tet»lft awtftrlftl witii fti^ftllftat rft|pt^8fttl»l« i«tii«ftiiehaiigft 
ft^ersfttftrlftttftft* Aliittl»lttii and I n m liftv« 1ift«ft M^oratfta fkiw 
tlift fttliftr ftonfttltftftfttft ftf ft«M ftllagrft ftft^l ftlltftfttft roftitft «tt t t « 
ftoltiaftftt ftvlfti ift l i ft Yftty %i0k ftftlftfttlirltf fftr tttftSft «•%«!•« 
79 
^11 tli« i««i«tttt and tiiMitottls 1IM0 to tt i i* aitti^ «•?• 
ilffilSflKlftlflllll 
f»rl«i» •wislllo •olwtiiMiii vtr@ wtsA^ la ««rl@ta mttm 
^ mmw^t^ty walt^ vA aiiQtiit of tk* iillcir warn #l«Mil¥t« 
in • •tntwHi MMMnt «f oipaiirogia ittllowoA iff tlt« lltliitt«ii to • 
80 
fmmif « t l l t l i t « r9 »f 194 NADU «»v« 1itat«i to 0 nlolcel 
«ftt9t%t« Mittt «i>tt«ll «id f lmi fttt«fl vttn too «t of tlw mmpt9 
f«r 9*6 «tiittt«e ftt 6HII fire li«ttt (^^600 UK Vlit Molt ««» O0ol«i 
«tt« 100 • ! of OTi ««• «d#ta* Aftor lcto|)litg ovofntglit tHo llniiKI 
« • • tf«a»f«irr«A to o t l l t o r voloaotrto f l « i^ oootetatiig %0 • ! 
of t f i wst «iMi tHo «»lii«t ««#• oj^ to ttto woftt ultli wm^ 
TWO uwmm of tHo 60«*>tCNI »B<I^ olvod pertloSoo of tlie 
iOR-«iroltei«« iMitofial ttt tt^ f<»n» trovo poolrod to o glooo tnlio 
#frob*6 on liofo« ftttod tftt^ tHo glooo wool at I ts Hotto** 
itook oolottoB (ll*S»9 «t ) of i^ @ roiie or el lof o^iplo woo 
««0|Hirwtod to olaoot dfyB««t to I'ootovo tlie osoooo aot4. fbo 
f^oti^io woo tal»ii 09 to Wm (@»3 «ft> aoA woo looiSotf oo tbo ooloao 
«t o wofT olow flow yoto (<v^ 9*% llro|>o/Mto)« flm loontog firoeots 
•or %• ffooyoloA 2*5 ttiMO wttli • 2m3 m% wotor worti to ooowro 
oonploto oAoofipttott o« ^ o ooloHi* tlottoii woo tlioo oMiAo wttti 
OOttOOtO OOtlPMItO Owl t o o OOjMIWIOOO O&OOMMItO tO wHO O«*tH0Hlt0 
wofo Miolr«o<l tttftiitttottwolr %r otowto oloorpttoo o^ootrofAioto-
OHitfir* folloo IX to X l l t saoMrtoo tko roottlto of tlM qawitttottwo 
oo|»orotto» of troo out olo»tot«i frow otiior ooootttoowto of 




mmttfhitTm mpAmmm m twm PROW laow WJBE Aum» 
8aiif»I« Composition mt utooli ••Itttlon FoiMiA 
F« (ir Hi Mi i t Blii«ttt Slii«iit 
<l«01 If BKOb 1 If ffMIO« 
(too ta} (100 •!) 
MWMMmalMWMmM 
AfSI*309 »ffi«t 5$«9 S$*7 %«? l» i Or 99*t r« 8S9 
tit m*J 
81 n 7 
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f l i * ••sftattal fMitVfW mt tli««« wituAimm i« to m— 
tttOfl«ttl« ton tmohtmg^f far tii« mmty— mt wtm atl«gpv avd 
•t l t««t« rvwlit* • • •ant* «f i t» htg% attintty for trmi maA 
olmiliitMi to tforlttts MMla* sirooatwiClT) ers«itoc^08fitiato tiaa 
%««ii triad for tlio anelraaa of aoi^tao utiieli aro rton tfi ttiaae 
• • te la* KliaB a aolotlan of a rook or »llo!)r oaiqilo (ayotlittto 
or root) to foaaod t l i r o i ^ tlia tofi««3iR!ttang« ootiwoi vttli a irary 
•too flaw ratOf tmtf Al(XIt) aa« ro f t f l ) aro rotatnad and atbaro 
ara ooaiplototar oxolodad W tba ooloan atsplr to Difir or 0«l>l II 
mdj* A i f f f f ) aod trodXX) o«» %« olotod o«t of ttte ooloMi vttli 
o aottatila aloant* te%Ioo IX aod 31 clvo ttio foaolta of tlia 
^iMtl tat iva aat^yotlfis of iron and alonlotaB fron tfta ataodard 
ataat aod roi^ oavploa ttatoi 9kP oolowo* 0- mMP ooltnoa ooatd 
alao %• «aad for aooli ooaljraaa 0m raMilta of irhleli ara aoMwrtsad 
to f a%Iao XX-lXf X« Sloeo a mghp %99 tmmm I to oa^r ior f t f ovar 
fAf» to tta tao*os^a»ia ^aharteoTi f t tmf hmw a wtdar raoga of 
appltoa^tlitr to aoob oaalyoao* fka aatliod to iiotto otaplo aod 
rafotrao «oaii looa ttMi oo ooiqporad to tlio olooatoat aatliodo* 
fortlMfliaarat fotta a larga ooiiiar of aaanlao oaa lo aoatysod 
ot l t totoi a aiogla ooloan aa tka aatartata oaad liavo axoaUaot 
raprodoot^llltj to tliatr tao»axahaoga twHorloor ood tliatr tao-





3 . p»,f«A]ruiiosv««» and E*T*G«i i |> lHi l l^ i 1 » i « , 26^ 1 0 5 ^ < i 9 7 9 K 
%« £.«t.Boe«ldiiiM, tl>ia« ^ 46t (1991)« 
5« R.t.timiis «ii« C*1l.lloor«, Afi«l.Ct»««*« ^ , 1908 ( t9ao) . 
#• A«n,iriotor tne r*ir,6tr«l<3ir» t«lentiiy 88, 207 ( t 9 8 l ) , 
Hi »75 (<977). • 
C fl A P V E R . f 
i>iii.MiiimM»(iW»ii» 
mtm mmmtminy msmomoBpmw COMMW.! 
miimmmmtmmmmmmmmmmmmm»»i't«<»mm iiiTiimniniiiwMwmiiMiiiii i KMHI i i i"'' f i i n i m i i i i M n i i — i — i — — 
89 
•fttelcnttjr, A«tiMil oo«ip«»i«tofi of m Arag say dtff«r In m 
wiflttt^a foffwolatlfioi ff«ii tiiBt «f ilie l«l»i»ll«« eoiaiiotttttii* 
Thii«» Uie avnllsl^lltty of fftvi)!* «otliiM!« for tiui oumitttettini 
••ttattttoii 9f •wtailto loo* le • • • • a t t e l f#r deieotlog ffe« 
aetiifti qaontliy of eoeli oiititttaaQtte itt « gtvwii fmwilatlott* 
Orfmite ntottie t>ev« IHSOO iitlli«#a %r I&BI%I«O% «t a l * ( i ) to 
»ODarat« miteisto opootoo ttem irarloo® wnlttvliiwlti propstotloeot 
prior to tboir ^tomtnotloo ^ etoelo atmorpttoa opootroi^oto^ 
fsetty* trntmsiGB mte etmrnrntf mipl&yn M patioats of ^pt lo 
oleer« olirooto iootr t t t t t imptto oeeoj^agitto @i^ eooi«tod wttli 
Itietoft Horatci oto* Sooeotty e rapid Hett^ od &o» lioen oavoootod 
for tbo OeterMtttotloo of eloBltiliMi lii »mm catoold fonmlattoao 
(8) aatag floorldo eotlvttr« AttDooitlit Inot^aalo loo oxolifiogara 
aro Inimni to 1N» oaofol for tho oofMftratioo of •ot«l lena» tlioir 
an^llofttloB to tho aoolyala of ooob ooWataneoa la a t l l l onosnloroi* 
TlM i^ roaoot oiAi^tor iwar laoa tlio roaalta of oor attoaf|»t to 
aoparato foaatitatlvolr alaaloiiNi aiii aagoaalwi l« fomrtaoa 
atttaal« forMilati««a ttarinitoA la fa«la, aalng a thorwillir 





All «!i« reagents ecod oti«Htea|» titttf in tlit« ttiidy vers 
df AaalsB grda«« 
OB« tal)let/9 »1 of t ^ entceta foffnulaltfiQ woe dlssulvea 
in 19 til 0t omm* BOl m€ atlnt*^ t<i 8!^ ttl #ttb t^i^* (}B« 
a i l l t l t «« r of thlc! ffuliittofi tpav emip9imtm to alf^et 6ryii«»0 cad 
^ # resiaxe na® teliei» ottt in ^ t n l of Si^* f t mi» tm&&€ mt o 
eoliMi eontalBlng 2 i; of a«Mp to o gt&m tvib& of tlio tatemot 
di«ii«tiir 0«6 0% ftttod ifttfe ^Im gloov wool et t ie l>otlf»t« 
ll@«Bo»t8ii(ff) mw oloiod oat with 0«0l II lilie^* i i l t i» i i i l« i (m} 
wot tli«i rt«ov^ vttti t m WIQy utitoli otnoltimooiiflir irogonorotoo 
tlio too oxolioogor* flio foto of flow « • • •slotolaofl 69 r^ 3 mt/tOm 
m0 tHo oolloetoA offloooto (too «1) voro mntftf^ •elanotrio^lljr 
«itli wmM for tlio prtooaeo of «ot«I tooo* foMo XT? ooMoriooo 
tilt reottlto* Yo eonfir« tHo iwlKl l tr of tbo ^rooodoro ^rortoot 
•olotttNio of osrottiotto oitxtaroo ooototoli^ A I ( in> aod Mii(TT) 
voro paoooi ^roofli ttie oolowo ooA tlio iMtiilo wtfo oltitod oot 
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mSmmimmiiimmmitmimmmtMimmimiimmittmii mmv mini ii<Miiirwi<iiri«Miii»i»»i«ii«<»iiiMi<w»rM»M»iiw«»«ii«^^ 
• • • • • • • • •MHanaMiMHnMtwwMiM^^ 
8 1 , Mwsm^ X9M90 AiMHnit f<miid^ ^ i n » r 
ito» Cng) Cttg) 
At fn At m at 
S* 19$ ISO i^A mUt *0*30 4D«9» 
5* S10 aiQ QTO.f @it«e •o.ss «o«$o 
%• «05 3«0 «03.« 362»e «0«S(l «a*61 
9* %Ti*9 «S0 «69 4ii9*% -O.IMb «0«M 
*llian i r t lM vt Uirtt f«i>tl«»t«»» 
93 
ft^jprMOti for tt i* «•%•! «tt»l|rci« (»f ostMlfl Artii«« ClreontMiClT) 
iir»«ao^ii»«iAi»l« hot ilioim iia •stra «ttl«etivity for otttvtniiMr 
«li«» lifMtotf tif»l« tSGO Om tt t» m this %a8to tuot a»aiAf> IMI« 
ilioini ai>pli«»ttoii fvit tiw ^initfi«tiir« •oparation «f ^ l ( n i ) 
mid lfg<ft) to cfstiMitdo Bm tiidleatoA l»r ^ * oiooltoat yotnlto 
«%tatii«d « i toMWiffitod in foblo XfT« f l i * <itttilr«t« of oystDcittd 
tttxtiir»« e«miitm» tHo uttttefeotoiif worttng of tlio t^ roootfara «• 
inAteatoi t^ tHo Aoiiroo of ooeomoir Obtoliiod (ffoMo xr)» A» tho 
loo oxeliaiisor is^oil ^lv»o r»pfo<ittot%l« rtoitSto mtd flio oltsaisto 
oro oontly «Kn»tldMoy ttio iMitiod oeto %o odofyfoa oofolf at e aoro 




sgggiyie mmnmm m mm m& A wAm mmnfmtm mmmnm or 
tm wmmm msmB m ztmmtmivry mmmmmpmm ehfim 
Nimiin iiiiiiiiiiiiiiiiii» III niiimiiiuM Ill iii>iii»«i<iwiii<>«iiii)ii>iwM<p«»>i<i»<«i»iii«^^ 
95 
iMiHtivtt 0$t99t%m mt iron tia« fi^m tli« milijtet of 
••v«r«l liiY««tliafttoii« Aweiwm tn* p«»t way imars INMsoff* of tt i i 
«t#e rmmtiii t«|i9rtotie«« Out «t « lnvf* msiii^r of r«ttf«iit« 
Imowii for ibo Aotaottoo MKI a«i«r«tiiotloii (ffS) of iroii« S»io» 
|)b<«s«ilirotfiio (9) te tfeo «o«t ««%tofeotoiT* Caiol^tto aettoo 
of ion «xo1ii»iig«v» tnof«««OB (%«6) tlio oonettivtiir of • oiiot t««t« 
for e«&si»I«t t<^ttftira mu^ eo»ofl(«r» (7) lioiro ooed e etroofly 
1»oste noioii osc^aege roots nodtott to tbo pyroeatootiol toot for 
ZriW)^ Stwiloriyt Sato «t el» CS> tioiro tootoa t^io ton on o 
otroatly tMote ooloo oatottciigo roolo tnpropAtod ifitli ollsartii 
eiiltsli<M«tto» aooeatlsr, o o^ioifto oni #@eoittifo opot tool for 
ro(t1) l» oont phoiwiooottool doooo for»« hot aloo Immit 
doifotopoA (9) wttH « dotootiott tbroobot^ ^ Q«oaS )ai| por drof^  
tt»iii8 Airibtrtyst l^ «>f 9 oattootte lioodo* 
Sojporotioii of tHo atfforottt VOIOIKIO otatoe of troo to 
atao oipalty ti^^ortaiit ao« irartooe ©nolyttoiil tootmt^oo iiavo 
%oo« oaotf for tfetta aoparottoOf tbo weot fro^tiotitty wfH iMtng 
tuo pofor olirowitofrapbr ( iO- t t ) * Slootroptioroaio (8&«S%)» 
MOTtoc loootfAry (t5)i ostraotion (86) «id tfeto tayor oliroaatogra^liy 
W) «otaioio liovo oloo fotHKI oao In tlito rogaiA* Ioii«oxolianio 
ofcfi—atagroyiy la oaoalgoroA to %a tlio »oat oaommtoiit mn$ 
voroattio aoatyttoal toolmtiioo for aoali dlfftoolt aoyarotlooo 
awl a aarvay of Ittoratora rovoalo t tet wiotly ^ o aotoo oxoliaago 
roaloo oro oaoi for tlw oayarattoo of forrooo maA farrto troo 
96 
(8i»3t), Cfttt«ii «i«hftiig«r« h»im ••«ltgt%l» ftpi»tloatt«ii0 f«r 
IttOftenlo «»««ttoI» iMMiMMliii lciiw»xotia»i« pr0ip«tti»w 
ftrt etgnifltt^iitly ioBOwti f«r tte« «»tal ton •«imratl@ii«« novev«r| 
application 
tlittir tutftlsrttii mittiii} to ftput tent amttirets Aiid/ff«r €b« 
ant wttfety kowm* flM pr»»«»t «t»i!^ «ii@« «t)0f»foir«, •firrt«d oof 
to h$m lsire«itl«iitioo8 to tbis dtrvetloii* Yi fia« f««iiit«^ A 
f«rr e«i9#tiiipii ir«teotlim ««tiiod for tro» ana o i^pid oeporottoo 
of l^ o(tY> fir@® fo(fff) meUi$ «%mmiwmitf} Qimmophm^^te as i»i 
liioinciiito oat ton mmhmm** V ^ oos l^on fot^tui ea»ttitioo of 
ttSO«|9ili«fiott|liifolft»« mA po f^tftotim tMoQr@»0to wltb iron limre %e«i 
iittlt««ll to ttio «toAr« 
97 
t.ifftanr.iiTAi, 
li»lO«>fti«iieiit6r0lifMi «oA Ii3r<lno«iitaoii« wtrt i^tntiM^ freii 
E»lf«rek (fitat«> Pvt*ltt<l« Al l the othew peegeatt and ebtaiettlt 
««r« of Ait0l«ll gr«l!«* 
tm*%wmum%»pi.m. 
S«t«nitiiatiii« of iMitftl toaa ««• ^oa» hj^ a l^a Ihitaaa 
ttatfal ftp i0oo atoislo c»%fian>ttoii aj^aatroptsotoneter «liila taframai 
etiaataa vara p&Tf^rmH aa a BaelE«»a 1 Ii»i0 apaotrop^atotBatar* 
Spat faat far ttan lETatii^  CLmm^ iaa^a 
<*) !^yfflir>tiaii af tfca iaa<tft^ i^ iaaa at aifaoiifa»(tV| araa^a* 
a««Ar %aa«a vara aaaiwA Is a 0*9^ a^aaaa aalatlaa af 
tflO^pttaiieaiiiraliBa tmS flaallir «a»i»a4 wttli tim t i l l ilM aaa^taga 
414 aat gtva aay mttlmoF wttli ra ( f t > tana* ftota aadtftai fHaaa 
( oi«.iAP*i%) af tlia alr«aal«i(tT) araaaaplMMipliata vaa Artai in aa 
a ir avaa iNifara aatnt t i far tHa «ataattan of traa* 
<**> Fff f t^aa yf^t l 
(a) tftaattoo ia rt{ff) f^aff 
faa ta tHraa %—«• of a«gAF»ll» wara takaa a« a apal ylafta 
fallawai Ijr a irap m»%U af tia taat aalattaa aad tiM laffar af fR %, 
98 
Vh9 tfMit f i l i t« ««• litot«d Hi 90 0 in an air mmt for 
r-Jt$ •tntttva uliiQli f«Mil««d « d**p r9« ««loiir <M tlia %««4« 
Indioattttg tti« lirwMMMif of Fo(TT) t<Mi>» 
(*) Pit—ttow of toto^ tywi 
for a«««ottng ttio tolet iron a drop of ttie toot oolotioo 
woo 6i«oa to ^ 0 a .lEAr-Pt!! l»oado foltovod %y o avop of 0*15 
e^oootio oototton of tijr^oiiiitoeno ao o rodnoliis sgeutt toot of 
tlio proooifesre ^etog tlio oo»o oo a%o<to. 
Vlio toot woo rot»O0totf oa irftrtooe ottior lon^oxotiaiig* 
«»t«ridIo« tiio reeiilto of i^l«ii ato mmm la toMo IVt* 
( t i l ) l,t»it of tgawttffoflttott 
Iron oan »o aotoetod in ro ( f t ) oteto apto/^0«000t m 
wttti a llaiit of ailotloo l|fmo,i)00* 
( Iv) Kffoot of iotorforoooof 
Tho follooiog aotal tooo vofo foood oot to totorfovo 
vttH tlio toot olioo takoo to tlw oooooto im) obova ogataat tlio«| 
olavg wttli fitt) (O«00fll pg)i 
itdtU 39«oi Ai(XTi)« loMf cr<nt), aoif iii(fx)« 0O9O1 
tt(x), saot e«(fT), %90i iit(n)» tsfi to(n)» is^ it toCnu 9%90t 
fil(f?)t SSOOf N||(Xr)» 9701 Oo(tX)« 936| Co(Xf>, 16001 Oo(ff)» 
aj,$| tr(TT)» 36501 fli(t?). 98001 0(VT), SfOl Ao(fTT), 5000| 
io(TT)» «900S O o C m t ^9001 Af (X)» %380, 
99 
fABLE m 
i w — » « i n n i III iiiin»ii'i> m <iii iiiiniir nii i i ini—«>*wim»i»»»w «iii»iiii»«wii«M—i——w—r itmmtHmmmmmiimmmmmmmmmmtmmiimmmmmilm 
mmHtummmMmmmmw • m m nrOm iiiuimi immmmmtmimmmmmimmmiimmimimmm 
Sl« tm •xofsemger n«e<3 Aaomt o f !^«Cfl> a<}teot«a pt^w 0»03 oil 
1*0 iHi( o»i ntg 0*01 m o«0Oi jQi; o.ooot m 
@» a mZhP 
6« SltQoiitiMi «r®eii«t« 
7* Slitreoiittta plioepBat* 
• • fhvrttw |iio«pliottllo«t« 
9» TitAotMi er««io»llto«i« 
t o . Tin plio«pbo«ttt««t« 
II* Tin arMiimiillettt* 
12* t in •rtmiit* 
19» t in f)ho»pt^ 1i« 
t%» AntliMiif • l l t o o t « 
15* lH)ftr«s*50 
16* AiE^erltt* T1!*I20 
• 
100 
«3« treet«a wttfi an esoesn «f {»oto«©tii» tbioofenfitt^ ( t ft) tolnttoe 
ens the v@a soltttt^t tliit»t 4ilHidttt«d wm limata ^ d «9liinii of 
a«H f^» (s s> la a ilDflt) ttsl^ e of t»t«raot atameter^N.'OvS «»• 
fiio tlottOD w&n f)«rfof«ell wttti 19 m% W& %& mmw^ f«rrte tone 
trtillo ferroas toao tf«r« «lat«fl out with /^ e? » l of 0 it nsow 
ot 6 flocr roto of 3*9 • ! per @it»ato» ftto offleeiitii xmm 
aoolj^ soa for tlietr ftroit oostooto %f atoitio attaorpttoe spootro* 
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• f r « ( l t ) mid r* (T l t ) or* tti* Mitti f•«««!«• ot fiiis • i n ^ * 
Hi* a««Ar eattoii tioiiiiiitvr tookcfl vitb iyio^pbwBw* 
ttir«lia< pyovtaii* oii •iie«ll«it tmtmu for a Higlily eonottiv* taa 
•poetfio aoteetioii of twm* Out of the vortooo loorgeato ton 
oselittngoro i^ oolwA for tbio porpooo» Ottly er(W) ond Vt(tv) 
lioood Motorlalo gUm a ^ootttvo toot^ todtoatltig am tii|>ortoat 
rol t of thoso attolo in ttio i>roo»«»« flito to fr«%ablr dot to 
ttm presaaoo of {yorilollr f t l lod d*ovl^italo ie ttiMi« tliito, ftortag 
o tonHooor to foff» otroBg otielotoo irltli t^fO-i^lioB&tQtlirolifio, o 
netitrot voakly tm&ie ooA ooliotftotoA a«rlvatti^ ( i ) tiovtog 
dnlooolttoA TT«Of^tt»t»« A |^o«ttlii« to»t.«ltti SnCfV) erooooto 
oafl 8%(V) otitoato (fablo Wi) laay aleo %o doe to tfio afoilabttttjr 
of aofitr «»orbttaIa of fair ly low ooergr l» tbair atmotnto 
%ooaaao of ttia iMraaeooa of A» asA 8I>« fliiia» wlieti ao atOM to 
utiloli thay dooata baa ataotrooa in on»ttala of ttia aaaa ay—itty 
aa tlia awptr tf«orbitala« %aok deoattoa say tittta plMat raaalttac 
to ao ovar^ l l wiUiple bond eUaraotar to tba ooBponod (9%)« 
fireaiiia«(fV) araaaopboajiliata liaa proiwd to bo an axoollaot 
oliotoa iMOaaaa f t aantatna iMth tlio alaM&ta fairoartng thia 
type of totaraotioo vitli I»t0»pliao8attiroltiia« Aa ooK^^^i^ to 
tiio ttOfwal tAf»p tta heated isliaaa < ouSAP) gtvea hatter reaaUot 
prahahlyt doe to the preaeaoe of aofie «ore aettve exahaaie ettea* 
103 
e4fiOff% tli« oo*pl«stiig ftagMt* f i l ls irliir In iopporttd %3r ^ » 
tnfrarai CfMirtt tokMA of tiio iraiPloof fiiiiM* (flgtit^ 3®)^ f&e 
p«alt« fl%««rv«<l for tli« a<»SAl>»fti ffiid a»iAP«l>li«4^ ojrofMW 
otw olMttar %i}t aoro tattas* tlia» tlic one olktorved for CUmthP 
In fli« rtgi(3iio/vj 7i(Ni»f900 o*"^ amA -^ ^1600 WBT^  • Poro I , to* 
pliofiAiitliroItfiO also eli«of%o lii ibooo fogtooo Imt to « loooor 
ost«Rt» iodtestiof A po««iMo iBtorftOttoe feotvooa tiie ton 
ox^aMgor ana the ro«i«iit# fhoOf tlio fotloirtiii otopo wmy %@im 
tole«a plooo tn ^ e aotootftoa prooooot 
(1) a.4BAi> odsoc^ tyiO«^0amitlirolii!id etrosiglF oe t t» otirfeoo 
to gtvo e» a«4SAP«»f>li*i^ ee« 
(@> fiito 9li«o« mow aiiooi%o Fo(ff) ta&B %y tbe loa^oseliiiago 
^roo«8»« fomtoi a oattonio eoloof*td ecmplmt wttn 
I«to«pb«aaattirottao • 
(9) flM •atlonle eoaplaa fa M>r» ttroagliy hnW W tiM oaeliaBgar 
aarfaoa than the alapla ya(ff) tonat firtikaliljr %aoaa«a 
of t ta grtatar atao* 
Fotaaatas tlitooyaaata faraa (39) a aartaa of iataaaaly 
rag«ooloiirag aolaiila eoi^loaaa wttii foCfll) tfaiiaadtng ai^ an tua 
iCR"' oaneaatrattona* fHar aaa M foiwilatag aa [fa(SC!l)|i] t 
aliara a « l , « • • • • • € * At low tbtaayaaata ooaeaatratlao 
t l a ]»rago«taaat ooloiira« tfioataa la [fa(9Cll)] f^m^* • gcir' 
^ra(toil)] ) , at 0*1 N tbiooyaaata aaaoavtrati«i i t ta largalr 















































o ( )U«9J«d) «)Ut))*UJ«UfJi 
105 
ftomt, uliM f • atstiif* «0Biiitiii«i f * ( l t ) Mid P«ClIt) imttf 
am •»«•§• «f ««iio«iitr«t«i |p«t«»iiini t1il«03ratttt« (t II) • • In i tM 
t» •«<•#, ff«rrt« traa ! • ««iipt««ed toi gtv* ttt« vtitttirwijr ef)«rK«« 
•^•• I t * «lkil« f«(Tf) d««» not mmt* On fisMtai tut* «txtiif« 
tbroniii ft ooIoNi • f (X*KAP In n^ iimi^ only frwmm iron i» 
e«8iiy>lM4} 1»««fin«# of tbe «otlo» osoluiiig* iMliavtoiir of tHo votoriel, 
A oiiqilo miiriiiiig of thm ootttMi vt%h tm vt l t t tfterefofo« rooove 
1^ 0 tttgativoly oikoiio« oovipios of roClIt). rotrono t<n» or* 
ttlOtt Ol l l toa out Wttt l 8 11 nt<lb* f i M SOtbOtf t o Qui to fOOt Ofttf 
opooifto ffiNI rottttv** mljr to»l9 wtawtoo for tHo eoiiploto 
l>roeoo»« tfeo rooiilto ofo ooouroto oad ptoetto (fabto x m ) * 
HowoYort 1 ^ oiooyo tood to tio ottgiitly niglior for t r i i t ( m | 
ond looor for lf«tt(IY), AloOf • t»t«3ftor ro(IX)/N(XfI) totto 
in tue oMfplo oolotioii toowlto to • Uti^or ovroir roogo for 
r«(XtX)« Xt « i f l»o doo to ooHO «ftto«OKldattoii of fO(tX) W 
tho footdttftt air fa tlio ootfaat (9%»^)« 
106 
latriiiiiiCBS 
WmKtrtmH Oeap^nFt fim«Prtiic«tcrof W«w ^lemiFt >'*'>' Torir 
(t962), 
3« ll«Qiir«et^t m& E«0*1fartinie]rf ^ttt»eiie»*, ^ ^ 103% (^967)* 
3» p«t%*im@»r awe B*l^eieert» l!«lv,6l5tii#Acta», gjf 757 (*9%%)» 
%• li«(?iiree!it and B»s*Qiir6i^t« A»ai*eiiof9«» ^^ 1956 (f966)* 
5, 6»£S«Qiti««!}t ana t««@tal&a£i« Aool,ClJt!S.Aot0, 22P ^®* (1977). 
6» e«fS*<|tiira&t}t ana S«Atfiiart I'alaiita, ^ 8S5 (I978)« 
7« ¥«tcblkowa» S^Sbtwoda^  T*flurBaa and r.^mkthmi&f Slppcn 
ffiegatEii 0aeelil, |2« ^ ^ (<$58)* 
8, E.i^tOp f.littreae eiMl B*»8irtfoafia, Itit4» 2£> ^ ^ Ct957)» 
9* ¥»6riStota and it*Ft«ta»tat*Oreato» Pana«Glas*t |2f t f3 
(1981). 
10« S*Bara«ftva aiiK f«SalemMto» •^0&@«»S<M»4lQpfno(, f^ira eii«»»f.ae«y 
22)1 8*0 (1958)* 
11« 4*&»A#Aii<!«raoii and t*C«lfartla| Attal«Olii»«Aiita, 12^ 253 
(1955)* 
IS* O.Btflit^ A«a*C1it««t 42» 1087 (1955)* 
13* r*i!« Pal tana, j«r,ir«lMO«la a«8 A.^.tawtatar, OHaM. 8 Tii«»« 
1598 (1955)» 
1«, n*9i,8ttvaaa» ABat.C61«.Aa«a, 1 | , 538 (1958). 
15* P.Ssanraa and T«8alafli» Aata lKitv«9aferaoaiittoala, 2t 89 
(1950) • 
107 
i6» F»ir»p»llaf*d, <l*r«v*ltoO«t«» A*j,B«ittt«r ««a il*ifi«kl«»«, 
t7» Oyvfir i^t^sr* l«9»alc» nito ana HiFi* sneirilOt AQte*f1iftrti« 
mwis^f Sl» s§t (1957) # 
t9» fl*Q«f«tttl« T»Aid)tar M A X*ll»V«rtlni«art A»el*Oti«i«» ^ » 1341 
19* ll«l^»««»9 i,1t@«6l^i f r ,y Vt«ttt fii«t«illiriott«tii» Vkiweva 
SO* ll*<|itir«^ii IvAKhtar ana R*0*ir«valmi^» Attal»eii«i#t ISf * *^ ' 
Si* Apiaa P&m% m& l»*V*^iifianriiaiiy litol}roetii»»«r,, i^^ t!M 
(i96a>. 
82* Hideo Hflgoi mB Stitg^aro ffiirttta* fiipfion Kigalm gaeelily 
23* Joawia l^«leii«ka» eiie«*Attal,» | 0 , I t 9 l (i963)« 
8%* V«K*tioirMt 0*ft»flat^ and ll«#,llaraoB» Aiial«Ciiatt«t 
%^ i9t5 {t9€t)* 
t9* t*A»faarkav0ifaicaya a«i T«A«l««gioiii^ Ya|}*Aaat*ttitB, 
Wtnar^VaalialiaaiTt 5^% (i96i)» 
t i» «*ll.{.iaaar ana 8«ffaiiraa«ar* t«A«al«eii««*, i7% (1960)» 
S7* X*ll*^ateri a«<l ll«e»1Mira« CliroMt«irapbia» f» 80 (I97t)» 
St. K*A*ira«a and ••B.Maarat ^•A»«eka«,Saa«i 22» ^^^ (t995K 
89* r*li*l^allar4« •l«r*ir*]|iOMia« ••Niaklaaa •wA l»*lfattaa«it 
J*llliraMtat«t i» iOt (19«0). 
90* F«fl.l<oilar<l a«« •»1ltaicUaa« i M « , %» lOt (i9iO)« 
log 
to, 157 (i965>, 
32. t o r i * mgortmhm^ eik«K»Af>al»« f2i 973 (1978). 
33* B.gagoretseir, Aoto.eiitti«&«aa*Si»t,Ittfiig., |gy S99 (1961 ) • 
3%« r»A •Cotton and 6«t?lliEtis@imt "Advon^oa fnorgGiile eti@atetrr«'p 
sand re^VteS*, p« 4%8, tnteirsdlotioe riit>llelio]r@t w@i? ITovfe 
(1967). 
35* A»t»Togelt •'A festbook of QCK3iiti«atlvt tii(»rg:wlo Anali^sfts*, 
l>« 7%t» tfiRspisi» Toe*, Hm York Ct979)* 
c B j^ i> f 1 tt ^ y n 
••ni i i i i i i 11.111 immiirilniipiiiliiiiia < i——i i—i i i i i i i i iiiiiiiiiiinniiiwwiii—miiniiiini i»i»iiiaiiiiiMMiw<ww>w»wiiiii»tiiiiiw«iii»ipii>«> 
109 
I l»«tt« ttiKIt** 0f tii« wmtml • net) •«9liii«ie« ott 
InoivaBttt ion «t«littttg*r« Hiv* 1i««ii M0« %y suvtrtl «<Mrt«rt 
(i»19)t K t^oD or« If^^ortant for tbo oeottowto m& lfi0tt««ria| 
•sptoymmt of tlioM siitcrtalt* ISoi»«irtr» ttio onrlter ottttfit* 
Have l>e«fs n^ ^^ e opptrtoi ttie old 'Sit orttorton* utiteli ! • ntofttl 
mtl^ tor tbe too* bofiiiii stntler offmittvo Aiffo«lc«i ooofftoteot 
l*e* for mi teoiopto «xeti0age« to & true toii«»«xei}8ng« pi*oo«R«, 
tl»o flt»ofi of tito ^ifforont toeto «|Miot«8 aro oooplod wttii ono 
6iiot!3«r (St) ood* tiioroforot o single 6iffa»io» ooefftoioHt 
oeotsot ^eeoribo the c@ttial pirooesa* for ««teti o@««fiy lefnei* 
Plonok efjiiattoti® (8&*s%) i^oold he soro cttefol trintob tftke into 
aeooimt tbe osoMoge of tooe tiavtog different tmilitlitloo* 
EifO<»ittaB(fV) oreenof^osf^sto hmn ebomi eii oxeollent 
iofi«»esotiDcig4» tioltartotsr an^ ono of I ts tiootod plieooo (a.4MP) 
t« litgtilsr oeleottim for aoot of tti« OOMM» wotol toos 
(Clii!|)t«r-ll)t Vlio proooai olioptor ooMtortsEOji o ktoetto oitiAsr 
of eoffio atiralont not«tl tooo oo tiiio ttHforl&l iii erdor to 
onAorstaiiA ttio soolioatMi of tlie i«tt-osoli«aK« ^vammmmt 
oeonrrt«i oo i to aorfeoo Ojpiilrtoi tlio ilftmftt-»ridooiK •qootieiio. 
no 
Al l th« r«»f«fi«« ttad olittttte.'Jl* ii««tf to tiiic »ta<fr ««r« 
of Analafl ir«6e 0l»t»t»*<l «lf!idr from tiie 8»l>«B«l>aole (inslestf) 
or Eftftovok (BAfwita^tK 
A itAtor«l>atti tnentifitiMP ohftker fm'^ting o toeporetoro 
irorfottoti of ^ (i«9 C ««« 1100a for itio o^ofItiirtini ottKStoo* 
gtfietto., Woofeoron^atit 
1»io m»t&titi% (<X«iA!>} ir»o ground volt tii ov^er to giiro 
f»firttelo« of dtfforent toooti ots«« (%0.4Ot 90*70, TO i^OO^ 100*150 
end t70«200)« Peirttoloo of mm radii tfo mt (%0o60 nosit) woro 
genorotly uoed In tbo preiioiit oto^ f^ tttil«t» ototo^ otttorwloo* 
rrsotiono (SO • ! ) of tfto owti^ l ton eolotlono ( i%(l l ) f Oo{ft>, 
«r(tT). ii«(xf), ro(n), co(n), wKn), »i(ff), xnfn) mteeain)) 
voro ottokvii vliti 390 m of tiio oxeli»iii«r (n^ fom) in oovotol 
•toi»|Mir«d oofilORl flAoka ot tDe aotirod tofl^orotoroo <80> 30, %9 
•oA 60 C) for diffortat tino iatorrolo. Tbo oaiioniotaat liqatd 
««o ro«oir«d iaoodtotoly mid tiMi dotorainottoiio w#r« doot «• ooool 
ky EmA titrationo* ftoeh ott WHO rof>oatod »ix t i»ts nod tiio 
WBn ir«looo voro tokoii for tbe fortkor oaieolottono* 
I l l 
mwsvmtm 
A litgli a t ta l too oooeeatrotlofit r«Iattirel3r l« f i« 
purtlel* ittct «f tlift •seliaiig«r ttni irtf omot dlialctiig «r« tli« 
^ s l e oooAtttoiid for « part tele dtffustoti^ooDtrotltA taa*«xetieiig« 
f^eaositfiafi* ll«id«r ttie«e ooatflttoiis ttic fraettonai attat«««iit 
of e<;ollt^rtiiii, CCo*) »By t>© «spr«©iMid fte foltov*! 
Ht - . ! « tli» ftwoant 0f «3toti(^ ««ii at ttwt t 
' tli« ^samit of aseiimife at tnftiitta ttii« (aqtini^rtini) 
ftrfure S5 tf}«t6@te« tliot il^a fraettOii@l attotnmatit of ««|iitlit>rti»i 
i& faster at o btgl^er te^pereturo tititoh is analogoiia to ttia 
otifiervottone on tt»a ottier fmfartela of ttita oteaa (I0«t9>« Tt 
al»o altcmt a r«r>td ttttttat ofitake of 1fi(n)« do obaarrsttoii 
elattur to tfm o»« reportaa W Itattnar at at, (2\} eanH Bavat 
at al» (to) for tha axefeanga of oattona on ttia olialattiti raatn 
Ato«4>]ialax*t00 and taotalow araaneta* A atatttar ^atiavtoor lioa 
alao %aa« rapartad oo tka atirantaa farrooyant^la gal Ct5) for 
tiM axatenga of aatna oo»i»lax oattoaa of ooMlt( f f f )« ltowairar« 
the Oliaanrattcma wmit& hy Tsraa aiMl fttaaiaii <26) for Oa(ft) and 
M|g<TT> axaliaac** on novas A.t ara aootrai^^ to oar ftodtnga* 
Vila inraaant ajrctaai m»y fui oonat^ara« to fotlov ttia 
Mnftntta aolottoa VOIOMO** oortatttoo <8t) %aoff«aa CT i^^  Cf wttara 
G attd e ara tlia aatal tan oaaeaNtrattona to tlia aolnttan •uS 
















0 . 0 0 . 5 1.0 1-5 2.0 
Time (minutes ) 
2 .5 
FlG. 23 PLOTS OF U(r )VS. t FOR MQ^^ ~ H * EXCHANGE 
AT DIFFERENT TEMPERATURES ON Z r ( l V ) 
ARSENOPHOSPHATE HEATED AT 200 'C 
113 
%!!•»• {<fh»»««» fli« ii«ff«tt»rt«nek •««»%!<»}• em %« tolifff^ S wttb 
flfMM «aattloiMit Qitmrnpttrntt (91) vtilisii ar» iratid for mi 
toorgimto ton ox«lifiiig«r eg tti« «welli»g OIIPIISMB ssd th* •p«etfto 
tttt«raeltaos ttr« not ntgntfiedsi in th l * #«••* As o rosnti 
we ol»tatn a eooplea tat«r0lffttst<»i ootffflotetit I}^ ||» tbft irat«i« 
of wfoldi <!«|)«iidii om the r«Iotlv6 ooBoetttratiomi of tlio oomitor 
toii« A ood ® t» tli« osoHsitgor ptsAto (G^ end C||}« ror 0^ ^ C^^ 
the tnter^tffitiiloa ooefftotent asftawfi the imltt« tl^i *A* liotng 
tlie oonoter loo lolt tol ly pr«s«ii« in tbo ioa oxelkstiger pttas«« 
Staoe to ttio protont otiiay tlie oxoliaaser i t tftkea In tli« B*^ for»» 
B^  eiay ^ VOI»1Q««NI W %• 
9liii«i ofi tti« hnnim of tlio Hevoot-nettolr o«|t«itloiio» 




C C T ) • {l.^nrp[jT* (fj^Ca)T • fg(a)T® • f ^ ( a ) r r 5 ) ] ] * 
• » « 9 • « 8 
E. t 
irlier«» f s -iL-. 
volitltty rot to, ex • ^ » v^ • liorttolo rofltoe end t^ to tlit 
5^  
tttteraiffttttuo ooofftotemt of tlie »etiil too* Olitfor tlie oooOtttono 
1 ^ a <> 30 tt»d tlie eHiiirf • rat io, ^ • f «^<^ *r« fiilif tt lo« in 
114 
tli» pr«0ent ea»«, tlie tbr«« faitottoiift f^Coi)^ ^8^^) ^^^ ^%(^} 
9mn htt expressed (81) «• 
0.«7 • 0.09 a 
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Separation Science and Technology 
Exploring the range of separation phenomena, Separation 
Science and Technology reviews the newest concepts and tech-
niques for deaUng with problems encountered by professionals in 
this rapidly expanding field. It gives authoritative and critical at-
tention—through notes, articles, and reviews—to a.wide range of 
topics, including separation theory, ultrafiltration, chromatography, 
electophoresis, foam fractionation, flocculation, solvent extraction, 
field-flow fractionation, ion exchange, adsorption, sedimentation, 
reverse osmosis, zone melting, thermal diffusion, multi-stage pro-
cesses, actinide separations, water purification, biochemical frac-
tionation, and mineral separation. The interdisciplinary coverage of 
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forts of researchers in biology, chemistry, engineering, and other 
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these and other professionals. Separation Science and Technology 
offers the finest forum for probing the essence of separation phe-
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Synthesis, Ion-Exchange Behavior, and Analytical 
Applications of a New, Crystalline, and Stable 
Zirconium(IV) Arsenosilicate Cation-Exchanger: 
Analysis of Some Silicate Rocks 
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Abstract 
A new crystalline inorganic ion-exchanger, Zr(IV) arsenosilicate, has been 
synthesized and shows high chemical and thermal stabiUty It is also stable under y-
radiations of moderately high strength The utility of this material has been 
demonstrated by achieving quantitative separation of Hg(II) from such other metal 
ions as Cd(II), Pb(II), Ni(II), Co(II), Zn(II), Al(III), and Fe(III) on its columns 
Some silicate rocks have also been analyzed using this material 
INTRODUCTION 
Silicates and phosphosilicates are generally more stable ion-exchangers 
both chemically and thermally than other materials of this class (1-6). 
Similarly, arsenates show good ion-exchange capacity and reproducibility in 
properties (7-10). An ion-exchange study of arsenosilicates of tetravalent 
metals is, however, lacking. Our present efforts are therefore to explore the 
possibility of preparing different arsenosilicates showing promising ion-
exchange behavior and which are stable under high doses of y-radiations. 
This article summarizes such a study for the synthesis of a crystalline Zr(IV) 
arsenosilicate capable of separating Hg(II) from other polluting metal ions. 
The actual application of the material has been demonstrated in the analysis 
of some rocks. 
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EXPERIMENTAL 
Reagents 
The zirconyl chloride used in this study was a B.D.H. (England) product 
while the sodium silicate was a Riedel (Dehaenag, Seelze, Hanover) product. 
All other reagents and chemicals were of AnalaR grade. 
Standard Rocks Used 
The following rocks obtained (11) from the U.S.G.S. (U.S.A.) were 
analyzed: Andesite (AGV-1), Basalt (BCR-1 and BHVO-1), Granite (G-2), 
andPeriodolite(PCC-l). 
Apparatus 
pH measurements were made on an Elico (India) Model LI-10 pH meter 
while IR studies were performed on a Beckman IR-20 spectrophotometer 
using KBr pellets. X-ray studies were made on a Philips x-ray unit with a 
Mo-K„ target. Colorimetry was done on a Bausch & Lomb spectronic-20 
colorimeter. For thermogravimetric analysis a Modem TGA balance of the 
Fertilizers Corp. of India Ltd. was used, and for radioisotopic studies a well-
type single channel analyzer with a Nal(Tl) detector, obtained from Ecil 
(India) was used. A Pye Unicam model SP 2900 atomic absorption 
spectrophotometer was used for the determination of elements in trace 
amounts. 
Preparation of Ion-Exchange Materials 
A large number of samples was prepared by varying the concentration and 
mixing volumes of the various components. However, the sample prepared in 
the following manner showed high ion-exchange capacity, chemical stability, 
and reproducibility in properties. An aqueous (0.1 M) sodium silicate 
solution, made acidic (pH 0-1) by adding HCl, was mixed with an aqueous 
(0.1 M) zirconyl chloride solution and the pH of the mixture was raised to 8-
10 by the slow addition of ammonium hydroxide with intermittent shaking to 
obtain a slurry. After filtering and washing with demineralized water 
(DMW), it was treated with a 1:1 (v/v) mixture of 0.5 M solutions of arsenic 
ZIRCONIUM(IV) ARSENOSILICATE CATION-EXCHANGER 61 
and nitric acids. This resulted in a gel which was digested at room 
temperature for 24 h and then filtered out. It was washed thoroughly to 
remove excess acid, dried at 45 °C, and cracked into small granules by 
putting in DMW. These were then sieved to obtain 60-100 mesh particles 
which were converted into the H"'"-form using 1 MHNO3. They were finally 
washed with DMW and dried as usual for further study. 
Ion-Exchange Capacity (i.e.c.) 
This was determined by the column process using 1 M NaNOa as the 
eluant and keeping a very slow flow rate (10-12 drops/min) of the effluent. 
The Na"'"-ion exchange capacity of the material was found to be 1.3 
meq/dry g. 
Thermal Stability 
Several 1 g portions of the sample were heated at various temperatures in a 
muffle furnace for 1 h each and their i.e.c.s were determined as usual after 
cooling them to the room temperature. The results are summarized in 
Table 1. 
Chemical Stability 
250 mg portions of the sample were kept with 25 mL each of the various 
solvents for 24 h at room temperature with intermittent shaking. The 
supematent liquid was then analyzed for tlie presence of zirconium(IV), 
TABLE 1 
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arsenic(V), and silica using standard colorimetric methods (12-14). The 
resuhs show the negligible amounts of them in the supematent liquid even on 
using up to 4M acids such as HNO3, H2SO4, HCl, HCIO4, and CH3COOH 
and O.I M alkali solutions such as NaOHandKOH. 
Composition 
100 mg of the powdered sample was dissolved in a minimum amount of 
H2SO4 (cone). The solution was then diluted to 100 mL with water and the 
amounts of zirconium(IV), arsenic(V), and silica were determined by 
standard gravimetric or titrimetric methods (15-17). The molar composition 
of the material was found to be 1:2:1 for Zr:As:Si. 
pH Titrations 
500 mg of the exchanger was taken in each of several 250 mL conical 
flasks followed by equimolar solutions of alkali metal chlorides and their 
hydroxides in different volume ratios, the final volume being 50 mL to 
maintain the ionic strength constant. The pH of the solution was recorded 
after keeping it for 24 h to attain equilibration, and the pH was plotted 
against the milliequivalents of the OH~ ions added. Figure 1 shows the pH 
titration curves for the sample dried at 45 "C using different alkalies and their 
respective chlorides as titrants, while Fig. 2 shows the variation of pH 
titration curves on heating and irradiating the sample. 
TGA, IR, and X-Ray Studies 
Figure 3 shows the percent weight loss that occurred in the sample on 
heating up to 700°C, and Fig. 4 shows the IR spectra of ZAS dried at room 
temperature and heated at 200°C. X-ray diffraction patterns reveal its 
crystalline nature and a c?-value of 2.05 A. 
Distribution Studies 
250 mg of the exchanger beads in the H""" form was equilibrated with 25 
mL of the selected solvent, either by shaking for 3-4 h or by keeping at room 
temperature for 24 h. The initial metal concentration in the solution was 
adjusted so that it did not exceed 3% of the total i.e.c. of the material. The 
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FIG 1 pH titration curves for ZAS dried at 45°C using different alkalies and their chlorides as 
titrants 
determinations were carried out volumetrically using EDTA as the titrant 
(18). For alkali metals the tracer technique was used by employing the 
following isotopes (half-life periods in parentheses): '^*Na (15 h), ''^ K (12.5 
h), *^Rb (18 d), '"Cs (30.2 years). 
The Kj values, as summarized in Table 2, were obtained by the 
equation 
I-F V 
Kd= — - X — r ( m L / g ) 
where / = initial amount of the metal ion in the solution phase 
F = final amount of the metal ion in the solution phase 
V = volume of the solution (mL) 
A = amount of the exchanger (g) 
The variation of K^ values of alkali metals with pH (fixed with HCIO4) is 
shown in the log K^ vs pH curves of Fig. 5. 
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o ZAS dried at 45''c 
A ZAS heoted at 200 "C 
X ZAS heoted at 400*c 
• ZAS exposed to Y ' -
radiotions 
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FIG. 2. pH titration curves for ZAS heated at different temperatures and for the irradiated 
sample using NaOH/NaCl as a titrant. 
Separations Achieved 
In Synthetic Mixtures 
The 60-100 mesh sized particles of the exchanger (2 g) in the H^ form 
were used for the column operation in a glass tube having an internal 
diameter of ~0.6 cm. The column was washed thoroughly with DMW and 
the mixture to be separated was loaded on it, maintaining a flow rate of ~2-3 
drops/min. The separation was achieved by passing a suitable solvent 
through the column as eluant. The metal ions in the effluent were determined 
quantitatively by EDTA titration. The salient features of the separation of 
Hg(II) from other metal ions on ZAS columns are summarized in Table 3. A 
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FIG 3. TGA curve for ZAS in the H+ form 
synthetic mixture was also prepared containing 500 /xg Hg(II) with other 
metal ions such as Cd (280 fig), Pb (520 ;Lig), Zn (160 fig), Ni (180 fig), Co 
(147.25 fig), and Al (67.5 fig). Hg(II) was quantitatively recovered from this 
mixture using DMW as the eluant. 
In Actual Rock Samples 
For preparing standard rock solution, 100 mg of the sample was fused with 
NaOH in a Ni crucible at dull red heat followed by dissolution of the melt 
and dilution to a liter with dilute HCl. The analysis was performed as 
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FIG. 4. IR spectra of ZAS dried at 45 °C and at 200°C. 
follows: 0.5 to 1 mL of the stock solution was evaporated to dryness to 
remove the excess acids. The residue was taken in DMW (~2 mL) and the 
solution was applied on the exchanger column (~2 g) as usual. All the 
elements except Fe and Al were eluted out with DMW. Al and Fe were 
recovered from the column with 1 M HNO3 as the eluant. The quantitative 
determination of the elements was done by atomic absorption spectro-
photometry. Table 4 summarizes the results. 
irradiation Effect 
For such a study the sample was exposed to y-radiations produced from a 
°^Co source for 96 h with a dose rate of 0.4 Mrd/h using FeS04 as a 
dosimatter. The material was then observed for some of its physical and ion-
exchange properties such as appearance, color, grain size, brittleness, i.e.c, 
elution behavior, K^ values, and pH titration. No change was reported in any 
of the above properties except the last one which is affected very slightly 
(Fig. 2). 
DISCUSSION 
The material obtained in these studies, Zr(IV) arsenosilicate, shows a 
cation-exchange capacity comparable with other materials of this class. It 
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o 
FIG. 5. Effect of pH on the Kj values of alkali metals on ZAS. 
TABLE 2 




( X X 1 0 " 2 ) 
0.01 Af HNO3 
( X X 10-2) 
0.1 Af HNO3 0.01 Af HCIO4 
( X X 10^2) ( X X 1 0 " 2 ) 
0.1 MHCIO4 
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shows a high reproducibility in^  its ion-exchange behavior and a crystalline 
nature with a d-value of 2.04 A. When the material was heated at various 
temperatures ranging from 45 to 800°C for 1 h each, it was observed that up 
to 200°C the i.e.c. is lost only up to 4%. The solubility studies of this 
exchanger in various acids and alkali solutions suggest that it is quite stable 
in these media. The irradiation studies reveal that ZAS is stable under y-
radiations up to 38.4 Mrd. 
The pH titration curves (Figs. 1 and 2) indicate an expected bifunctional 
behavior of the exchanger except for K"^  ions, for which a monofunctional 
behavior is observed. The second inflection for the sample ZAS, dried at 
room temperature, is at about 1.1 mmol of 0H~ ions added, corresponds 
approximately to the experimentally obtained Na"'"-i.e.c. of the material 
(Fig. 2). The samples heated at 200 or 400°C, however, lose their 
bifunctional characteristics, as is evident from Fig. 2. The IR spectrum of the 
ZAS sample (Fig. 4) shows sharp and strong bands at ~800, ~1600, and 
~3500 cm~^ which justify the presence of arsenate, silicate, and external 
water molecules in the structure. 
Distribution studies show a normally good selectivity of this material for 
various metal ions in water, which is usual for inorganic ion-exchangers. As 
it is clear from Fig. 5, the exchanger shows a reversal in Kj values for alkali 
metals on varying the pH. At pH ~ 0 the material shows the sequence 
Cs+ < K+ < Na+ < Rb+. 
Thus it shows a maximum uptake for Rb"*" at this pH. However, at pH 1 
the exchanger shows a high selectivity for Na"^  ions. At pH 7 a further 
reversibility is observed in its behavior, for there the exchanger shows a 
maximum affinity for Cs"*" ions. On the basis of distribution studies and 
individual elution curves of different metal ions, binary separations of Hg(II) 
from Cd(ll), Pb(II), Ni(II), Co(II), Zn(II), AI(III), and Fe(III) have been 
successfully obtained, the details of which are summarized in Table 3. When 
a synthetic mixture containing Hg(II) and other metal ions (Cd, Pb, Ni, Co, 
Zn and Al) was loaded on its column, Hg(II) could be eluted out 
quantitatively in DMW. This study, therefore, points out the possibility of 
utilizing Zr(IV) arsenosilicate for some metal separations that are important 
from the pollution point of view. Analysis of rocks is another exciting 
application of this material. As Table 4 shows, quite satisfactory results are 
obtained within an experimental error of ±5%. 
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^UANTfTATIVS SETBIUeKATEOH OF IRON AND ALVMlNtVM 
IN mm ALLOYS AND SILICATC ilOCKB AFISB A CATION 
tSHANGS SSrARAlKni ON ZlIICUKXUN(lV> 
mOSPHO AND SILICO AHSENAISS 
K.O.Varaboey, S«n|Ay Agrawsl and fCAnak V«r»liney 
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X.RXollege of Engineering mn4 Technology 
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ABSTKitCT 
A rapid and qaantitative •ethod has been developed 
for the analyais of sone iron and alttainiun based 
al loys and s i l i c a t e rooks using s lreonluadv) based 
arsenophosphate and arsenosi l ieate cation exchangers. 
The siethod i s sisifile, reprodncible an^ i precise with a 
stendard deviation <3^» for the direct deteniinatlon 
of iron and alaiRinlum in rocks and a l l o y s . The low 
Standard deviation values suggest that the method 
should be useful for the standardization purposes. 
INTRODUCTION 
Analysis of al loys and rocks i s Inportant in 
ohe«ical technology as the presence of various const i -
tuents play a v i ta l role in their applieet ions. 
Although several papers have ear l i er been published in 
t h i s f i e l d using well known analytical techntqoes 
( l - 5 ) t the ion-exchange technique ia aore useful as i t 
t t v«s fas t separation of the ionic species present. 
However snch studies have been nade nostly on oi iaale 
1535 
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r««in« (6 ,7) probnbly t>«cAU0e of th^tr «>xe«ll<>nt. 
r«pro<lu«tl»lllty find e t a h l l i i y . 
Inorgonic lon-ejcchmm*r« are well known for th«tr 
high Kelenttvity for metnl ion» «nrt ctAbtlfty •i 
Al«v«te4 temperatures <8). Zircontttai(tv) arsenophoe-
phfite (ZAP) and Zr(TV) »r«eno«lllc«t« (2AS) prep«r*A 
In these Inboritortes (9,10) possess exctpttonslly 
good cheMleal s tab i l i ty and reproduclbtltty In Ion-
exchange behaviour Mitlch Improve further for ZAP on 
heating. A poss ib i l i ty of using the»i» materials for 
th« quantitative separation of metal Ions from their 
synthetic mixturee and from some real samfiles has 
already been explored e a r l i e r in these laboratories 
( iO). tlie present ar t i c l e summarizes our e f forts for 
a quantitative separation of aluminiom and iron from 
some al loys and rocks on their columns. 
Ghemlcels and Beaj^enta 
Sirconyl chloride used in these studies was of 
J.T.Baker Chemical CO.H>ilip«buing (OSA), while tri> 
•odium orthophosphste was of BDH, Poole (London). 
Di-aodiom arsenate and sodium s i l i ca te were B-Merck 
(Dermstadt) products and a l l other reagents and 
chemicals were of analaR grade. 
Apparatus 
A pye unichem model SP-2900 atomic absorption 
spectrophotometer was used for the quantitstiTC deter-
mination of various elements present in rocks and 
a l loy* . 
IWiN A N ( I A|.MIttllli!1 l i ; HOttI', AH.UVS j . , . 
giL'!i!«**J>f »<* l<»n*E<€bunge Cwpaclt^ of ZAP and ZAS 
r«»poitert «flr}t#r (9 , to) mA wfir th^'m^tlly t»«^»tt€rt by 
p a t t i n e th^» nt viirloo<» tc«i»*r*»t«r^n tor on*' hour <»«c»i 
1» ft M»fri« f»tmf*r«* 11j«y ver*> wnnh^d thotx>iiKh]y with 
All.fWO^ #if«| then with <l«nrtn«r«ilix««f wnter <DMW) t n i 
the #ffl«t#«t« w«re fr#« of «nj' metRll lc or non «pt»-
m e lM|»iNriiU«» BB te0t«d by Atowlc ftbeorptlon «pec-
tropt»oto«ii»tty. nte H«^-lon-.«xr.li4inge cfff^ncUlcs of 
•Mrlou» nsoiples thus obtAined »re r4>f>orteit In T«t»l« i . 
On tit 18 b e s t s « h«nt«<f phit»« of gAF upto ^ o ' c 
(«<>EAr) •n<» nornai ZAS w«r« M«*«| for fttrth«r stuili^ii. 
t t ^ t r t b u t t o p Stiiin«a 
fh« 4l i«trtbatton co«fftc i««t«i {KA) f or various 
•Kt«l tons wer« A«t«rtitn«« »» u»»nl by the batch 
process on H>2jir mA MS {10>. Table 2 shows a 
oo«per«tlYe •tfit««»nt of tJftesc v a l u e s In DMV anfl 
HNOj. 
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«rM^aDK\OQi^oa}Qir\r>oOO 
tfse* 
*^ <r» W\ 01 P- « « 
1H »f> 
r » i ^ 
T ^ O * l » ^ C l 
t^flO 
I^K\ 
<F * » « JT *« KMf» fS « •< 'H e« <. 
2 U £ iif W to £ O •« 9B O O ^ »^  ^  
IKON A{4l> A(.llMJt.(i!( \n SDMI' A U o Y S 1 , Ci 
Analyet* of the Saayl«» tor Iron amt Aluatntuw 
A, frgparfttton of th* Stwtmoril Soltittonyt 
Wie stHiKlArrl »olnt.i<»i»« w«re ttr«p»r«4l «•« followss 
Syiitttottc Alloy Saii^lty 
Various metallic •ol«»Mon8 w*r« nrtni'd to c^rtAln 
ratio* »o that they c<»rWf»pon»» to the acttwl fsetnltte 
prO|>ortion0 tn the st^titfer^ ul loys . 
Standard Alloy S«iii»tfa 
An i»ecar«tely wet|;h«<l aaount of the alloy w«» 
dleaolveif In a •Hlntam« ewoiait of aquere«;la followed 
hy the dilution to a desired volume with DNV. 
Bock Sample8 
IVenty K I I M i l t e r s of I5'< NaOH were heated in a 
Nl'crucihle imttl aM!lted and then fused with mti m-
of the saMple for 9*6 minutes at dull r«<d hen* 
('^ ^eoo C) . The melt was cooled and 100 ml of DNV 
was added. After keeping ovemliht the l iquid was 
transferred to a i l i t e r volumetric flask containing 
40 ml of It) HCl and the volume made upto the mark 
with VWf. 
B» Separation and Petemttoatton of F e ( t l l l and Al( l II ) 
I t was done as followst 
Two fr*ms of the 60>100 amah sized particles of the 
ion e«ch«nfer in H*-form were packed in « glass tube 
having an internal diameter/s#0.6 cm and f i t ted with 
giasa wool at the bottom. Itie savfile solution (l>9 ml) 
was evaporated to almost dryness to remove the excess 
acid and the residue was dissolved in a small amount 
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IKot; A!J1) AM . i : i 1% •,(.;!! A U O I S 1 5 , , 
A l l th« olfimeniii /•xo^p* Al find F« »*«re «tlut«>rt out 
• l t h « r \n mm or 0.«1M HNOj iit^s.volttw*'*v/150 m\). 
Th*f»^ iwtii lK were thrn leArh^d om «ft Ih |M IW«. {wmyt. 
volitn« #N/ f00 wl ) nod rt#t<'r»to^«» ^M«nl t t» * lv» ly by 
«t<»«l(; «lison»tl«»fl i«p«»r«rtipfiot•»!**try . I t i * ahinrrr©-
i l o n « dre ««wm«rl«<'i1 in Tfl»»l**ii 1>«5. 
WtSULIS ASP g[SCtiSSIQ^ 
Tlic eni irnt lAl feature of thtf* attiAies 1A to 
u«« InorfAolc ton #xf;hAnii#r» f o r th« «fi«l3>i»t« of 
90IN! a l l o y s and M l i « f t t » rocttn. An i t i» « l«Ar f ron 
r*l»le 2 , the di«)trlt»Mttoti Hchnvtor of ZAP i s 8 l i ! ;n l t i . 
«!ftittly •ff#ftt«rt on he«ttnK. f1t« He«t«d |»HMS« of 1UI« 
«Mt,»ri«l f<-%AI>) l»eeoite8 h ighly f»i>lectlv« for A } ( l l l ) 
• « « F « ( 1 1 1 ) . A l»o, »lreonluiB(1V) Ar8«no«l l ic«te 
p re fe r«n i l« * l l y hold« thesi* two tons ( f O ) . This 
property of th^tit two 1on>i»xeh«nK«>r« hue b««n succ-
e s s f u l l y otll l»«»il f o r the sepsrotlon »nrt qu«nt i ta t lv« 
d«t«rwlast loi t of A l ( l t l ) »n/! r « ( I I I ) l « sowe si toys 
and e l l l c n t e rocks. Vhen • so lut ion of these semples 
(synthet ic or r e a l ) i s passed through the i o n -
exchanne cotoian wi th s very slow r a t e , only A l ( I I l ) 
sotl P « ( l l l ) Itjns ttrt re ta ined and others are eoaple-
t e l y excluded by the column stmply i n WW or 
O.OIH RKO.. They are th«n elu4ed out in IM HNO-, 
(Tsbles 3 ~ $ ) . The aefhod i s qui te slwple and 
requires iWirh less t l «e as compared to the c l a s s l r a l 
Methods. Purtherwore, quM,«> a larp;e numher ot saMples 
can be analyr,i»d using a sin8:le e.olusn because the** 
s w t e r i a l s hsv« shown the e x c e l l e n t reproduc ib i l i t y 
i n t h e i r ion ejtcbnn«e behavior , and then loo 
exehanite capaci ty I s not a f f e c t e d even a f t e r several 
' ' " " ' ' V Ai<'".li; ' Y . A i K \ , \ S . A M ' I \K ' i f . l \ 
r*cyclln)» proce««*»». Stnoe ZAS hHf, n hl/»h K<» v/»lue 
for MI 0 ' ) ions t i coolrt not lie usfd for thf n*«]>«re-
tlofi of 1 r«n In th« nlck<l contntnlne stf>f>lp. For 
eucli flnnlys«»P, how^v^r, << >ZAP Is quite Ruttohle 
(T«bl<>« 3,ft) . 
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TOE SEPARATION OP ALUMINIUM AND HAGNESIUM IN SOHB 
ANT/CID DRUGS USING ZI!€ONIOM(IV) IHOSPflO AND 
SII.ICO ARSSNATB C(H.WNNS 
KEY WORSSt Aluminium, Magnesium, Antacid Draf t , 
Inorganic Ion Bxehangera 
K.G.Varahney, Sanjay Agrewal anrt Kanak Varahney 
A n a l y t i c a l l iaboratoriea 
Ch«mi«try Sec t ion 
2 .H.Col lege of Engineering anfl Technology 
Aligarfi Muslim UnlTcrs l ty 
Alig8Tli-202001 ( In^la) 
ABSTR/toT 
A new, simple an« h i g h l y a e l e e t i v e method ha* 
been deacribed t o separate aiaalBlaM from magnealua 
q u a n t i t a t i v e l y In antacid drugs uatng liltxsonittm(IV) 
phospho- and s i l l c o > a r a e n « t e o o l u m a . The r e s u l t s 
obtained are p r e c i s e and accurate wi th in the a x p e r l -
mental e rror range {• 1^). 
IWTROOUOTION , 
Mttch development has taken place in the f i e l d 
of synthetic inorganic lon-ejichanger« during the 
l a s t two decades . They are highly se lect ive for 
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some mct«. Ions on thp basts of which various 
Importnnt sppArailons have bepn nehtevert on the ir 
columns. However, Ihelr real nnalytlcnl appHcattons 
In various ft el (is are s l l l l lacktns;. We have iMi«le an 
2-4 
effort In th is r»lrectlon recently , i4»en we 
Bep8rate<f aluminium anrt Iron from some stnnrtarrt rocks 
and al loys usln^? Klrconiui«(lV) arsenophosphate atirt 
arsenosll lcate cation exchangers. Analysis of drugs 
i s Important because a s l ight variation in the ir 
compolsltlon may prOf^ uc* *» rertuceij therepeutlc 
ef f ic iency. Aval lahl l i ty of simple methorts for 
quantitaHve estimation of metallic ions i s essent ial 
for detecting the actual quantity of such substances 
available In a jriven formulation. Organic resins 
have been u t i l i z ed by Korklsch et a l .^ to separate 
metallic species from various multivitamin prepara-
t ions prior to their detemiination by atomic 
absorption spectrophotometry. Antacids are commonly 
employed In patients of peptic ulcer, chronic gas-
t r i t i s , peptic oesophagitis associated with hiatus 
hernia e t c . Recently Cooper et «1. have given « 
potentiometric wethOfi for the determination of 
alumtnlutn tn nntnrlf's using a floortde electrode. 
Since the phospho- and all lco-araenates of s irco* 
nlua(lV) have shown^*' excellent ion-exchange 
behaviour, the present ar t i c l e suimarlzea our 
Al.dfllNIMM ANIi MA(.IJKSI|IM (N DKIIfIS ^ 8 7 
«>fforts to (IS" t,lips«» moiTinlR for tho qwnntltnt lve 
seprtrailon of alnmtnlom "nrt mognpsiuw In svim 
cofnmPT-ctnlly nvnilBblp nntncji^ fo twujat tons . 
EXrEMHENm 
Reg|?pnts anrt Chcmtct'ls 
The 7.1 r c m y l rJiloHde and t i lsof i lum orthophos-
phnte us«(» In t t i l s study v«»r« the B.O.H. (Enzl^nrt) 
prortiicte whll*? sorlium slHc.ato was o Rledpl 
(|>phnpnnR,Se«l7,f>,Hnnovcr) product, Otsodltint 
arpenafe was of E,M»»rck (Darmstadt) and oth^r 
reagents and chemicals w<Te of AnalaR grade. 
prpparatton of the Ion~Exc>imigc Mater ia ls 
Ztrc<ml«m(lV) arsenopliosphat* (ZAf) and 
ztrrotitiini(TV) arspnosi l lcBtR (ZAS) w?r* prepared by 
2 7 the nwthorts reported by us e a r l i e r ' , The modified 
phase of ZAP (•(-ZAP) was obtained by heat ing i t a t 
200 C for 1 hour In a nwfflr ftirnace. The i o n -
excbnnge c a p a c i t i e s of •(-ZAP and ZAS are 1.03 »nrt 
1.30 weq/g r e s p e c t i v e l y , 
A n s l y s l e of SaMples 
One t « b l e t / 5 wl of the antac id fomni lat ion was 
dlssolTed in iO Ml of cone. HCl i»nd d i l n t e d t o 250 • ! 
with dewlneral lzed water (DMW). One «1 of t h i s 
'"''•'* V \r ; , | l l ' IN , Ai.kAWAI , ANI> "AHi-lihin' 
S'lliitl^n wnp 0 vnpoif't ofi to rdmnw* ''»Aiir«<» and tlir 
tPfiiiMiP w."P tflkrn In^-v 1 ml of !)»tV. It wns Infdcrt on 
rt cf'lunm rni\t ninl MP, -j c 1'>n--^ :<r»i"np.o mnlf-rl"! In n 
Slflpp «(i>>r of fitp tntPiTinl f»l«mpfpr 0 ,6 om, f H f f d 
wHh flip P1»>SP voul ot f tp luXlnm. Mnrn«>«~\ iim(T 1 ) 
Ions VPTP pliifril ouf wltli PMW (ri-'n ZAS) or 
n.OfM HNO_ (frf'm o<-ZAr). Al tim) n1 iim(T 11) tons vr ro 
thon irmovPfl v l t l i 1M HVO wfilch, si miiU'inrixi'^ly, 
rpiTPOTnfpf! Ihc Ion exphnnRfr. Tdp rnfp >>f flow w»>s 
WBlntnlnprt rfi 5 ml/mln In a l l cf'^ps ani' tbo o l l p n t p r t 
e f f l i ipntp (tOfi ml) vptp annlys'p<1 vol iim«'i H m l l y wtfli 
B.O.T.A. for the presenop of rtipfnl l o n e , tlip rp^uHn 
hefnp flumm»'rl7Pf1 In T"blf> », To runflrm tlip 
v a l l f U t y of 1h« procprtiirp vf>rlon« sol(ifl(m«! of 
synthpt lc mixtures confnlnln«! Al {HI ) "nrf M«(lT) 
Ions wf-»p pasHpfl thioiic;!) thp colurnns «n'' tlip wpt»'lR 
wpro e lutpd out RB rtfBcrlhPrt Rhove wf th tlw. rpsu l tn 
it) >wii It) Tnble S. 
REStllS AND DISCUSSION 
The proposcfl iwthort l 8 a new «nrt ttln^plp Himlyftool 
approach f o r the mctel a n a l y s i s of antncJd (1r«es. 
a51rconlum(IV) «rRpnophoRph«ie has nhown an extra 
3 
a e l e c l l v l t y for »l«mli>luoi( lI l) i«hen heat*-*! upto 
200*C . S i m i l a r l y zl rr.onf uin(lV) a r s e n o s l H c o t e l e 
a lao s e l e c t i v e l o r t h l e metnl . I t i s on tUle baa l s 
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ALUMINIUM AND MAONRSIUN iN DWICS ^ g j 
t h a t t h e s e mate i - l a l s have shown a p p l i c a t i o n f o r the 
q u o n l l t f l t l v e a e p a r o t i o n of A l ( l I T ) and Mg( l l ) In 
an tac l f i s a s I n d i c a t e d by t h e e x c e l l e n t r e e u l t c 
o b t a i n e d a s eummarized In Table 1. The ana lye tB of 
s y n t h e t i c mlxturoB conf l rwo the o a t i s f a c t o r y working 
of tho procedure as I n d i c a t e d by the doi^ree of 
accu racy ob ta ined (Table 2 ) . As the ion-exchange 
m a t e r i a l 0 need g ive r e p r o d u c i b l e r e s u l t o and the 
e l u a n t e used e re e a s i l y a v a i l a b l e , t h e method can be 
adopted oa fe ly a s a tnoro simple and c o n v e n i e n t 
a l t e r n a t i v e t o t h e e x i s t i n g o n e s . 
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ANALYTKAL APPLICATIONS OF Zr<IV) AND Ti(IV» 
ARSHNOPHOSPHATKS AS ION-EXCHANGERS 
K. O. V^RSHNKV, S. A(iRAWAi, K. VARSHMI-V ami A. FRKMI-DAS* 
Chemistry Section, Zi ) . <"oIk:(jr. o« F.nginceriii)i and TechiiDlogy. Alij!.\rh Muslim University 
Aln!afth-2fl2«JO». Jndia 
M S RATHI and I' P. KHANNA 
Wsdia hiMitute of Himalayan Geology. fWiradun, India 
(Kereiied 26 March IWO. Ketiwl 2: Marrh IVR.1 ^nepif,! tJ ^fay N«3> 
Sumin«ry~The dislribulion of 21 n»elal ions between .'.irconium and titanium arsenophi/spbate and 
demineraliMd water, pcrchloiic acid and nitriv attd has heen studied. On the basis ol the result's, several 
binary and ternary 'eparaiiDns can he design>al. The data have btcn used in appticatior. of these materials 
to the analysis of certain alloys and rocks 
Inorganic ion-exchangers have an advantage over 
their organic counterparts because ol their higher 
stability. They are also more selective. For example, 
tin(IV) vanadophosphatc,' vanadoarsenate' and 
tungstoarsenate' are selective for alkaline-earth metal 
ions. Tin(IV) arscnophosphate' shoves good affinity 
for some quadrivalent meiat tons .such as Th"" attd 
Zr**. HowevcT. practically all the work ptihiished on 
these materials has been on their preparation and 
properties, :)nd none on apptication.s other than lo 
simple binaiy or ternary mixtures, The present work 
is aimed at remedying this situation, and illustrating 
the wider utility of these materials. 
Zirconium and liianium ar.scnopht>sphate. pre-
pared by us earlier.' were selected for the study. 
EXPEBIMENTAt 
Reageni.t 
arconyl chloride (J. T Baker), litanium(IV) chloride ts.g. 
1.73, BDIll, trisodium orthophosphaie (8DH). and dis-
odium hydrogen arsenate (Mcrckl were used. Other re-
agents and chemicals were of analytical grade. 
Synlhejis of the lon-rxchange mmerioh 
Zirconium and titanium arsenophosphate (ZrAsP and 
TiAsP) were prepared as described earlier.' It was observed 
that when the material was converted mio the H^-form by 
the usual batch (equitibnum) process and washed in a 
column with demitierati^ed water (DMW) or dilute mine 
•cid, the effluents were found (by alumic-a(>sorp(ion ipec-
tiosropy) to contain Al. Mg, C'a. Si. Fe and Mii. These may 
have arisen from impurities present in the chemicals used for 
the synthesis. Before use, the eschangcrs were therefore 
thorough^ wa.shed with I OAf mine ncid in * column until 
the eWuent was free from the impurities mentioned. The 
material thus obij'ned h«l improved reproducibility and 
enhanced ion-exchange behaviour 
DtsnihuiHHt uudies 
All the metal mn solutions ased were prepared in DMW 
except inose of the terva.ont and quadnvalent ions, to which 
'Present address: Chemical Laboratory, Atomic Minerals 
Div.. Dept. of Atomic Eneray. Bangalore. India. 
a few drops of the appropriate acid were add<;d to prevent 
hydrolysis The distnbuiijn coelTicienis were detrnnifted* by 
equiHbrating 25(Jmg of exchanger with 25 ml of solution 
containing an amount of metal ion equivalent lo not more 
tliPin 3"', of the total ion-e.«chimge capucity of the material 
and adjusted to the appropnaie ati-lity fu: Titanium, 
uranium and cerium were <<eiermineu colorimetncally'' and 
the other metal ions by EDTA titration,'* beftire anJ after 
the ciiuilibraiion. The results obtained are summarized in 
Table I. 
SeparatUms 
SyMihriiv miriures. A few synthetic binary and tertiary 
mixtures were prepaied by mixing the metal ion solutions in 
the required volume ratios. For column operation, the 
exchanger IW lOfl mch. 2 g. II '-forrai was used in » glass 
tube of ~0.6cm bore. A icnown volume (-~0.f ml) of 
sample Milution was loaded on the column at v very slow 
fl^w-ratf (•• >-4 drops.min) and recycletl through the col-
umn at least three time*, with a 2-3 ml water wash between 
cycles, followed by elunon with suitable solvents at a 
Ihiw-raie of -0.5 ml, mm The effluent was monitored 
qualitatively by stai.dard sptti tests" to determine the elut-
ior. behaviour, and then 'cparate samples were analysed 
quantitatively by Ihe melhtnls u>!<:d for the dismbution 
studies. For hrcvuv, thr results, which were satisfactory, are 
omittetl. Tvpical separations include VtlVf-Fe(lll)-Ti(IV); 
Zn-Pb-Fcilin; ,Vln(llh Fe(HO: Ai-Fellll), Y-TiflV); 
Ni-Fedll); UgUD-Pb: Cd-Pb: Y €e(IV»; UtVI>-Ce(IV): 
La-Ce(IV): Ni Fb: V(IV»-Pb. 
/Illov amJ roi k ^amf^vs. Stock solutions of the alloys and 
rocks tested were prepareti as follows. The alloy (~ 30 mg, 
accurately wnghedl was dissolved w - 5 ml of mfua rtfia. 
TIK dilution was cvaporaieil to -> I mi and then diluted to 
volume in ;i lUII-ml standard flask w«h DMW. For the rtxk 
analysis. IIIO m« of sample were fused wiiS sodiuri hydrox-
ide in a nickel crucible at dull red heal, followed by the 
leaching ol the coohsl melt with DMW ami dilution to I 
litre (standard (l»>li> with dilute hSdriKhlonc acid. 
For Ihe .itloy analysis 1 ml ol ihe stock solution w«3 
loaded on the column 12 g of exchanger I at a very slow wte 
as described .ibtne Alt the metal itms except Fe'* were 
eluie<l with iltil.W n".iic acnl The ircmtllK was then eluied 
with 0 Mf m nc acid Table 2 gives the results. 
For the ftKk. analysis i) 5 or I ml of the siocK solution was 
evaporated lo dryness to remove the excess of acid. The 
residue was taken up in DMW t - 2 mil and Ihe MiltiUon was 
loaded on the exchanger (2 g) m the column, the rest of the 
K, O. VARSMNEV ei al. 
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Cr 55 1 
Ni 26.7 
Mn4Jt 
Si 1 7 
Cr 55 5 
N I 1 M 
Mi'4 8 







pnxedurt being the same as for the alloys. All the metal ions 
except Al'' and 1-e'' were dut«<< with DMW as usual. Al" 
*as removed fronn the column with O.IW perchloric acid, 
«ml Fe'* with 0.5Af hydrochlorit actd/IAf ammonium 
chloride mixture, table 3 sumniariies the restilts. 
•^eproducihitilty of mn-etrhangt hehmwur 
Ten hatches of ZrASP w!te prepared and the ion-
exchange caparity and IQ values determined as usual. The 
values were essentially the same in all castes. 
WSCIISSION 
The main purpose of this work was to study the 
dislribuUon atid separation of various metal ions on 
ZrAsP and TiA.sP inorganic ion-exchangers. As the 
results show, the materials offer selectivity for a 
nitmhcr of mclaf tons ir various media Though both 
exchanges gineratty show the same behaviour, in 
some cases they differ temarkaWy. For example, 
Ti(!V) and Vftfri arc found to be strongly sorbcd by 
ZrAsP in OOlAf nitric acid, but not by Ti.A,'^ , 
whereas Ph(H) is strongly sorlwd by TiAsP in 0,IAf 
nitric acid, but not by ZrAs5». 
The distribution studies indicate several possible 
separations, some of them tisefuf for the analysis of 
alloys such as fcironickel attd ferromanganese. Tan-
talum antimonate, reported earlier," also fives some 












































































































Si 51 7 
Ct4 9 







C « t t 3 
M«72 
M n 0 t 4 
Si 270 
C i J 4 
M i t i t 
MnOfl8 
Si 53 9 
C«6 7 




M t 2 l 8 
M B 005 Si 43 3 
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AI8 6 . 
Al 17.2 
At 6 9 
Al 14.0 
AI7.I 
Al 14 1 
AI0.36 
AI072 
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or these separations, hut our methods cover u wider 
range or compo"!i»H«n. Utanium arsenate'* and ti-
tanium phosphate" do not give these separuiions. 
TiAsP K jiiore selettive than the .simple titanium 
arwniUc frtr lead. 
Becau<x of its high aHinitv foi iron and aluminium 
in certain media. Zr.AsI' ha.s been tried for the 
analysts o( alloys and roots TaWe 2 fives the results 
for the quantiiittive separation of iron from two 
standard sleet samples The eiror range was - \ \ 
Analysis of rocks also gave satislactory results (Table 
3). 
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(on-Exchange and Seleclivity Behavior of Thermally 
Treated and ylrradiated Phases of Zirconium(IV) 
Arsenophosphate Cation Exchanger: Separation 
of AMIii) from Some Metal Ions and ftemoval 
of Cations from Water 
K. G. VARSHNEY, KANAK VARSHNEY. and SANJAY AGRAWAL 
CHEMISTRY StCTTON 
Z H. COttf OE OF ENOINEF.WNO AND TECHNOLOGY 
ALIGARH MUSLIM UNtVERSlTV 
ALfOARM 202001. INDIA 
Abstract 
lon-exchinge twi selfctivity behtvlor of j;ircoflhi»n(IV) w^enophosphite (ZAP) 
1)U been studied tystemttictlly iRer diermtl und ifrtdiation tremments. As «result, 
an Increase In Ifie ion-eichange capaciiy and » coirtplc't rever.j»l in »he selectivity 
sefiuence for som* common metal ions has been observed on heating. The modified 
phase of ZAP has been utiKied sticcessfulljr for the q«a.ntiiative separation of 
aluminum IVom numerous metal ions and for the removal of cations from water. 
INTRODUCTION 
Zirconiuini(IV) arsenophosphate (ZAP), prepared earlier in these labora-
tories (I), ha.1 shown promising ton-exchange behavior for some common 
metal ions. It showed an increase in its ion-exchange capacity and an 
improvement in its chemical stability after thermal treatment. It was, 
therefore, decided to make a systematic stud^ in this direction with the vi(;w 
of exploring the possibilities <k some more usefVil applicaUons of ZAP. The 
folfowbig pages summarize the ion-exchange behavkir of the revised phases 
of this material «fter heat treatments and y-lnadiation, and Its application fai 
separation science. 
— 908 - — 
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EXPEntMENTAL 
R«ag«ntt 
Zirconyt chloride, trisodtum orthophosphate, and disodium anenate used 
in this study were of AnaiaR grade (98,3-99%) obtained either ftwn ||»e>. 
B.D.H. Poole (En^and) or from the E. Merck (Darmstadt). 
Apparatus 
pH measurements were made on an EUco (India) model Ll-t(^0t meter, 
and infrared studies wete performed on a Beckninn IR-20 spectrophotometer 
using KBr pellebt. A Philips x-ray unit witfi z Mo-K„ target was used for 
x-ray studies, while a Bausch and Lomb spectronic-20 was used for 
colorimeuy. Radiometric measurements were made in a well-type tingle 
channel analyzer with a Nal(Tl) detector obtained from the Electronic 
Corporation of India Ltd. 
Synthesis of the Ion-Exchange Materials 
ZAP was prepared (/) by the following method Aqueous solutions 
(O.OS M) of ztrconyl chloride, disodium arsenate, and trisodium ortho-
phosphate were mixed in equal volumes and the pH t^the mixture w«s fined 
in the (>-] rattge by adding niu-ic acid with constant stirring. The gel Ihta 
obtained was kept at room temperature (30X) ovemi^t and filtered, 
washed with demineraliEed water (DMW), and dried at 4(yc in art air ovea. 
The dried product was cracked in DMW to obtain granules which were 
converted into the If*-form with I M IINOj. It was then tieated up to 200 
and 400X' for 1 h each to get two separate phases, o-ZAP and fi-ZAP, 
respectively, for further studies. 
lon-Exchang« Capacity (I.e.c.) 
The N«*-ion exchange capacity of the material wtB determined bf the 
cohimn process (#). tl was found to he 1.03 and 0.94 meq/dry f for a-ZAP 
and fi-ZAP, respiectlvely, with • coefficient of variation <0.5 fhr 10 
observations. Figurv I shows the percctit retention of tfw i.e.c. on hetfhi| ti« 
material up to variout temperatures. 
ZincONIUM(UI) ARSF.NOrHOSPHATE 907 
120 
S S O h 
^ 
X JL 
2 0 0 iiOO 6 0 0 
Ttmp«r«tttrc <'C I 
8 0 0 
Fro. I . Effect of lemper««i« on the i.e.c. oTZi^lV) »nenof4«niiplitte. 
ytrradtatkHt 
ZAP was exposed to y-raciiations obtained from a *'Co-source for 96 h 
with « fkrse. rate of 0.4 Mrd/h, FeS04 being the tk»simeter. The sample thus 
obtained (r-ZAP) showed an i.e.c. of 0.94 meqi^ dry g for Na*. 
0utiofi Behavior 
250 mL N R N O J solutions <rf varying concentrations {0,1, 0,2, 0.5. and 
1.0 M) were parsed thimif^ several columns (internal diameter ~ l cm), 
each containing 1 g of a-ZAP in the H* -form with » very slow flow rate 
(-0.5 ml^min). The H*-ions thus eluted were titrated against a standMd 
(0.1 Af) NaOH solution and a manimnm ehrtitni was observed with 1.0 M 
NaNO,. To study the elotion behavior. 100 mL of 1.0 W NaNOi sohitlow 
was run thrm»gh n column in the I I * ff»rm and several 10 mL fractions of the 
effluent were affected at room temperature (30 ± TC). This was r^)e«t«d 
at a working temperature of 95 ± 2'C by atlng a double-willed column, the 
outer part of which was surrounded by steam Airing the e«perlment. Figure 2 
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Fra. 2. EhitkNi behavior of the vtriova M P phMct M 30 «irf 95*C M tlw wotting 
len^riimcf. 
summarizes the percent elutton of H^-ions from ttie varKiws f^Mes stuped, 
taking tfieir origin*! le.c as the basis. 
pH TMratiOfis 
pll titratitms were performed by the method of T(^ >p am* Pepper {2) on tlw 
various phases. The curves are shown in Fig. 3. 
IHttributlon Studies 
2S0 mg of the sample was taken in a conical flask containing 25 mL of tha 
solvent and shaken for 4 h at room temperature. Equitit^um was attainedl 
withht 4 h as indicated by a concentration vs time curve. The metal km 
concentration in the liquid phase was determhied whh EDTA (i>. Vw iA«K 
fltefate, however, the radiotracef technique waa apf l^ed by fitting A t 
foliowhig isotopes (witfi thek half-life periodi shown in parentheses^ ' * N * 
ZinCONIUM(ni) AHSkNUHHUSPMMIt 
0 0 .5 1.0 1.5 2 .0 2 . 5 
m m»t«« of OH~a4«»4 
Fro. 3. pH thrwkm curve* ftw the various ZAP |>huet. 
(13 h). *'K (12.5 hK »*Rl» (18 days), '"Cs (30.2 ye»t%}. K4 values were 
GiilculMed by 
^ - ( ^ ' ^ ) mL/g 
where F is the fracUon of the total metal-ion concentration fan the equilibrated 
solution i^ase, K is the volume of the solution (mL). and Af is the mass of the 
(^gf) exchanier (0\. Table I summarizes the K4 values obtained on ZAP «id 
tr-ZAP samples in various solvents. Figure 4 shows the comparaiive 
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FKJ, 4. Distribution behavior of ZAP and <»-ZAP for various metal ions in DMW and O.Ol M 
HNO3. 
Separations AcNeved 
Two grams of the 60-100 mesh-sized particles of the exchanger (o-ZAP) 
in H'^ -form were used for column operation in a glass tube having an internal 
diameter of ~0.6 cm. The column was then washed thoroughly with DMW 
and the mixture was loaded. After recycling 2 or 3 times to ensure comi^te 
adsorption of the mixture on the column bed. the eiution of the metal ions 
other than AH HI) was done by 0.01 M HNO), selected on the basis tXK^ 
values. Finally, altiminum(in) was removed with 0.1 M HCtOt. TaWe 2 
summarizes the salient features of the separations achieved while Pig. S 
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Fio. 3. SepwB'ifwjor Al(in) from other metal ions on <ir-ZAP oolumns. 
DiSCUSSION 
This study highlights certain interesting features of zirconiuni(IV) aneno-
phnsphate. As compared to the sampte prepared after drying the gel at WC 
(ZAP), the sample obtained aAcr ..eating it at ZOO'C for 1 h (or-ZAP) 
possesses a higher i.c.c. when determined at room temperature. Several 
repetitions invariably revealed tiiai the increase in the i.e.c, is ~10% (Fig. 
I). A higher working temperature (95 ± I 'C) flirther enhances this value. 
For cKampIc, the phase obtained after heating ZAP up to 400°C (/J-ZAP) 
gives an i.c.c. almost equal to that of ZAP at room temperature. With PS'C 
as the working temperature, however, all three phase* (ZAP, fl4£AP, and 
914 VARSHNEY. VARSHNEY. AND AQRAWAL 
/J-ZAP) possess the same i.e.c. (1.2 meq/dry g). Thus a higher working 
temperature, preferably 95°C, appears to be more favorable for the exchange 
sites to become highly operative. A higher i.e.c. for ot-ZAP as compared to 
ZAP is probably due to an irreversible removal of external water molecules 
on heating the material up to 200"'C. This is substantiated by the thermogram 
of ZAP obtained in our earlier studies (/) which showed a weight loss 
equivalent to the net increase in the i.e.c. of ZAP on heating. The elution rate 
also appears to be aifectcd by heating. It increases appreciably with an 
increase in the heating and working temperatures (Fig. 2). The p!l-Utration 
curve (Fig. 3) is, however, not affected significantly by the thermal 
treatment. 
The effect of heating on the selectivity behavior of the material is 
summarized in Table 1. a-ZAP is highly selective for almest ~i\ the metal 
ions studied in DMW as against ZAP which is selective OR!, for A4/III), 
Fe(ni), Pb(II), and Cd^II) as Fig. 4 iljjstrates. In 0.01 M lINOj, a-ZAP 
becomes selective only for AI(III), Fc(in), tx.d Cd(n). These studies 
therefore reveal that a-ZAP has greater utilicy at elevated temperatures, 
which may be unsuitable for an ion-exchange resin. This material has also 
shown its potential for the quantitative separation of AI(IH) from other metal 
Ions, the result<i of which are shown in Table 2 and Fig. 5. The height 




where L is the column height (12 cm), b is the peak width (mL) at a height of 
0.368C„„, and V„„ is the eluant volume (mL) at peak. These values for the 
metals separated from Al(lll) are summarized in Table 2. 
Another important application of a-ZAP may be for the removal of metal 
ions from water. When a water sample containing metal impurities was 
passed through a small column (5 g) of or-ZAP, the impurities equivalent to 
256 mg CaCOj were found removed from the sample. Since the ion 
exchanger is highly stable chemically, the effluant does not contain any 
amount of Zr(IV), P(V>. rr A^'V) as detenmined by an atomic absoiption 
spectrophotometer. 
Table 3 summarizes the cSTcct of y-irradiation on some of the physical and 
ion-exchange properties of ZAP. As is clear from this table, an iaadiation up 
to ~ l ( / rads has a negligible effect. Only the pH titration is slightly affected 
It shows a biftinctional behavior after being irradiated as against the normal 
monoflinctional behavior of the material (Fig. 3). 
IR studies of these new phases reveal the presence of the same fUnctionai 
groups as observed in ZAP prepared cartler (/). These observations 
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FfTect of frradidtinn on Some PhysicftJ •nd lon-Exchnnge Ptoptnies of ZAP 
No. lon-fTchnnge property ONerviitfon!! 
1. Appf»i«nce No chaniie 
2. Color No chmnge 
1. (on-«xchsn|;e capacity No change 
4. pll titraOon Very slight change (F<g. 3) 
5. EUition behavior Becomn slightly sharper on Irradiation 
A. Distrihurion hehavior Practically no change in the K^ vahies of alkali metal* 
supplement our experimental data about the persistance of i.e.c. Jn heated 
phases («-ZAP and ^ ZAP). X-ray diffractograms, however, do not show 
any peak* of appreciable intensity, thus indicating the amorphous nature of 
the material even on heating up to 400"C. 
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Iariillv of f'nfiiifrnugami rtcliiioloty, 
Aligarh Muslim Vnivettitv, 
Ahm'i 202ml (Imliai 
(Rea-ive<l iiiiie 22. J9f)3) 
Klfeci of vanoiR ilo'.rs of gamma radinlifni i)n ilie ion Dsihaiise capacity, dntribtition 
coofflrient values, elulion IwliavJuiit, pH titratioft aiid infraftit <.|itcl»a o( ^nmc thcrnuHy 
MaHic inorganic ion rxrhangers ha% been stuiiirif <;y<tcnMtit.aMy. Nn clanjse has hen 
obveived in the ion excii»n/;<f capacity, ehition t>cl«vtinir and the inttarej spectra of the 
maiprials irradiated up to a total doSe of 3 • 10' rad, while, 1 eliange ha*; been observed in 
their pH-titration and disliibution behaviour. 
Introduction 
A large nutnber of inorganic materials possessitig ioiiexchangc properliei liave 
been synthesized and used foi various separations of analytical and tadiochemJcal 
importance,'"' They are of growing interest in relation to the treatment of con-
taminated water or coolant moderator in reactors working at higfi temperatures and 
pressures,' as it is generally believed that they arc resistant to heat and radiations. 
However, very few reports''* have appeared in the literatnre confirming this belief. 
ZSINKA et al.' have shown that a generalization about the resistance of inorganic 
ion exchangers against radiations cannot be made, as supported by TANIX>N et al.'" 
We have synthesized some ion-exchange materials based on Si, P and As, which 
have shown promising ion-exchange behaviour'' "' * and high thermal and chemical 
stability. Their radiation stability has been studied by varying the total dose from 
10" to 3 • 10' rad and observing the effect on their ion exchange properties. This 
work is summari;ed in the following. 
Experimental 
Reagents and chemicals 
All the reagents and chemicals used were of analar grade obtained either from the' 
B.O.H. Poole (England) or E, Merck (Darmstadt). 
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Inslrumentotion 
pi! measurements were made on an Elico (irulia) model I.MO pH meter while 
I. R. studies were performed on a Bcckinan IR-20 spcctrophotontetcr. 
fon-e.\cliangc materials ami Iheir synthesis 
The various inorganic ion exchangers used in these studies are givert In Table I. 
They were prepared by standard methods already reported in the Viterature, which 
involve the precipitation of the material, filtration through a vacuum pump, drying 
at a particular teinperafiire (45 °C), cracking in rtemmeralized water (l)MW) and 
then converting into the \t form by trealiueni with a dilute IINOj solution. The 
salient features of the preparation procedures, compositions and the iort-exchangc 
capacities of these materials are summari7cd in Table I, 
Irradiation 
• 
The ion-exchange materials in H* form were jiradiatcd with doses of I • 10*, 2 • 10*' 
and 3 • 10* rad at a dose rate of 0.4M rad/h using "*Co as a source and FCSO4 as a 
dosimeter. 
Change of properties of tfw ion exchangers 
by yirraJiation 
Ion-exchange rapacity. The Na* ion-exchange capacity (i.e.c.) was determined by 
the column process as follows: 
One gram of the ion-exchange material in H* form was packed in a glass tube with 
an internal diameter of 0.6 cm, fitted wrth glass wool at Ms hottotn. 250 ml of IM 
NaNOj was then passed through Hrii colunm at a low flow rate (0.4 ml/niin) and the 
effluent was titrated with a O.tM NaOH solution. The strong-acid capacities expressed 
in terms of miHictju..^ Jc» 'v per dry gram (mcq/dry g) of the different samples before 
after -y-irradiati* J t. *!f sii..i.i, in Fig. I. 
Bufiun frc/iuw «' I 41 .0 .jtiscrvatums have shown that 250 ml of a IM NaNOs 
solution i* u^ffn-*^ .': •" « ..lately clulc H* ions fiom a column of the ion'-exchangc. 
materia)(I g), out •»! .viuch the first I0(> nil effluent contained the major amount 
{lO-W,'). This volume (100 ml) wai, tliejeforc, selected for eluting the H* ions 
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»bsofbfd dost, »10 rod • » . 
{%. !.Effect of 7-iiradiatioit on the i.e.e. of some inoiganic ion-cxchangcr< 
ftoni various ion-excliange cohitnris, maintaining the above flow rate foi a compera-
tive study nf the clution beliaviowt. The efflvient was titrated with a standard alkali 
solution for the presence of H* ions released and the percent release (R) was 
calculated as follows: 
Millieqiiivalents of H^  ions released in 100 nil 
R = 1 . X 100 
MiUiequivalcnts of H ions released in 250 nil 
The value of R was then plotted against the total dose given to the material, as shown 
in Fig. 2, 
pH Utraliom. 500 mg of the exchanger was taken in each of several 250jiil conical 
flasks followed by equimolar solutions of alkali metal chlorides and their hydroxydes 
in different volume ratios, the final volume being 50 ml to maintain the ionic 
strength constant (0.05M). The pH of the stilution recorded after equilibrium 
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Fig. 2. Effect of >-irr8diation on the elunon behaviour of some inorfanic ion-exchangen 
(attained in 24 hrs of standing at roc»n temperature of hy shaking for 3-4 hrs) was 
plotted against the millietjuivafenfs of OH" ions adcjed. Fig. 3 shows pH titration 
cnives for the normal and irtadialcd sarnpics. 
Distribution studies on the alkaline earth metds 
Distribution studies were performed for the alkaline earth metals Mg(ii), Ca(II), 
SKII) and Ba(n) in DMW and HCIO, media as follows: 
25p ing of the exchanger in \t form was equilibrated with 25 ml of the selected 
solvent, adjusting flic initial metal ion concentration in the st^ntion to a value not 
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• UniriadioM sample 
o Sample irrodialrd with 
dose of \ TO* rods 
t Sample irrodtoted with 
dose ot i K)* rods 
t Sompt* irrod'oled with 
deseof310*rads 
J 1 J I 1—». 
C \ I. 
OH odded ,mmol 
hig. 3 tflecl of r-irradiation on the pH titration behaviout of some inornimir \c>. 
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L__-A-—f-—-«— 
o*'^iz-±z:^^ ft ft. ^:.~^. I=s=2fc=!fcr. I ^ i__i_:^ 
0 2 0 J 0 J 0 J 
T'lg 4 Kj vuluf as a (uiii'iton of the t<)««l dote abioihed l>y vjnif inoiganic ion-ex( (wnictn in 
UMW and lU I'), mcdi«. Cumv. o OMW; • 0OIM HCIO,; « - O.IOM JKIO, 
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exrecdiiip V,? (if tlio tolal i ec of llie iiuttrrial. Tlic delciminalions were done with 
FOfA a<; usual, flic K^ , values wetc oMaincd from tlic cxptcssion, 
(I F) V 
K, - - • - m l - g - ' 
" (• 111 
wltpie I- h ilie frailinii ol tlir metal joiis prpsetif in the solution allei ccniilibriutn. V 
IS the vi)liiinp (ml) n| (he solution ami A is tlip amount (g) of tlio cxclianger. Fig. 4 
shows the ''Ifoit of > iiiadiation on the K,j values of the alkaline eaMiis on various 
ion CKciianjtcis in diffeicnl media. 
Injiarcil sduJies 
Fig 5 gives the inf'iared spectra of various irradiated samples along with tlie nor-
mal ones. 
Discussion 
Ttifse studies ipveal tliat the matciials selected aie highly icsistant (o ladiations as 
far as tlieii lon-exihange capacity and elution behaviour arc concerned, except TPS. 
whicli shows a slight variation in these properties with an increase in the absorbed 
dose (f'igs 1 and 2). In this lespect they are different from tfieir organic counter-
paits which undcigo^ ~15% loss in tfieir i.e.c, on such a treatment. Also, no appre-
ciable change has been f)bseived in their infrared spectra (Fig. 5), indicating no sig-
nificant struciuiai changes. 
pH titration curves, liowever, indicate a change (Fig, 3) on irradiation. Ttie in-
crease in pH is shaiper foi the irradiated samples containing arsenate group (ZAS, 
aZAP and .SAS) than loi the normal samples. TPS and SbS, however, do not show 
any significant change in this behaviour. 
An inteFPsling fcatuie is observed m the distribution behaviour of these materials 
on iriadialiun Ihe Kj values obtained in diffeient media (Fig. 4) for the four alka-
line earths, peneially. inciease with the total dose absorbed. Also a complete reversal 
in K^^ values is observed in ZAS It shows a total adsorption of the alkaline earths in 
F)MW after irradiation while on its noimal sample these metals have low K^ values. 
lliis reversal in the disliibution behavioui is helpful in achieving some binary 
separations For example, a normal sample of ZAS gives almost similar Kj vjlyes for 
the four alkaline earths in 0,01 and 0,1 M HCIO^ while an iiradiated (2 • 10* rads) . 
one gives a high selectivity for Ba(ll). Hence, this ion can be separated from the rest 
of the alkaline earths on the irradiated ZAS columns. A similar behaviour is shown 
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by o-ZAr in tliesc mcrltsi. SbS, however, shows a peculiar (Jiiliihution behaviour jn 
0.01 ami O.IM H f l O , media. Irradiatiofi lowers the K^ ^ vflUie of CM") bt.»l Ihat nol 
of Mg(U). Si«ula« obictvattoHS are made for SK't} and (la(fU on tins exchanger. 
IJ'S atid SA.S. however, do not show any apprcciahle change iir (ficir dhtrfbuHon 
heli3\iouf in nil the three media sdidicd aflcr irradialion. 
llie aulliur-i are thankful to Piof. Moluin QURtSHI for the tv-emcU facihlie* and lo th(t 
CS.f R. (India) for ffrianfial a^vtlrinre. the irradiation studies were performrd in the Cliemical 
I atunalories of Dr. B. S M. RAO. Poona Unt»pr>;ily. Tune, India. 
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ION-EXCHANGE KINETICS OF SOME METAl. POLLUTANTS AND 
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ABSTRACT 
Exchange kinetics of som* poUutisig metal ions such as Mn(tl), Fc{n), Cojll), Ni^II), 
Zn{II) and Cd(II) haa been studied on zircotiium(lV) phospho- and sHico-areenates. apply 
ing an approach basfd on the Nernsl—Planck equations. Aa a result, some kinetic and 
thcrmodynaiHlc parameters like diffusion coefficient*, activation <*ner{[ie9, and entropiea 
of ectivatiOR h ^ ve been evaluated under the conditiotis favouring a particl€! diffusion-con 
trolled mcchonism. The theoretical predlctiorw derived from these studies have bwn 
correlated with the practically achieved separations of cadmium(n) from some metals 
m«ntion(>d above. 
ihPrRODUcmoN 
Zirconium(IV) phospho- and siiico-arsenatG3 have been synthesized in 
these laboratories ^1, 21 showing excellent chemical stability und ion-ex-
change behaviour. They are highly selective for the heavy metals like iron, 
manganese, cobalt, nickel, cadmium, lead, zinc and copper, v/hkh are hazard 
OU8 to health when adsorbed by the body beyond certain limits. Their utility 
has also been explored {2—^\ in various fields including the analysis of rocks, 
alloys and drugs and water purification. Kinetit study of the ion exchange 
process occurring on the surface of such materials h important for their 
economic and industrial employment. We have earlier made such a study on 
some inorganic ion exchangers (7 10] applying a new approach based on 
the Nemst-Planck equations [11,12} replacing the old "Bt criterion" [ 1 3 -
201, which is useful only for the ions having similar effective diffusion co 
efficients, i.e. for an isotopic cKchange. In an ion-exciiange process the fluxes 
of two different ionic species are coupled with one another 121] and, there-
fore, a single diffusion coefficient cminot dc*:rribe the t^iivA process. In the 
prwwt paper, we have made an effort to J: C' ; :•' l! <• ..i-xlionism of the 
metal uptake by the phospho- and silico-:u:... naU oi ^rcwruund IV) in aque-
ous media containing some heavy metai poUut-aici and to cort^ ^M© the 
theoretical predictions with the practically achieved st-pamtK/f ^ 
0166 6«22/84/$03.00 O 1984 Ekevier Science Publiihers 8.V. 
i . 
MATERIALS AND METHODS 
Reagents and chemicals 
Zirconyl chloride, trisodium orthophosphate, disodium arsenate and 
arsenic acid used in this study were obtained either from the B.D.H., Poole 
(U.K.) or E. Merck (Darmstadt, F.R.G.). Sodium silicate was a Riedel 
(DEHAENAG, Seelze Hannover, F.R.G.) product and all other reagents and 
chemicals were of AnalaR grade. 
Apparatus 
A waterbath incubator shaker having a temperature variation of ± 0.9*C 
was used for the equilibrium studies. 
Synthesis of the ion-exchange materials 
Zirconium(IV) arsenophosphate (ZAP) and zirconium(IV) arsenosilicate 
(ZAS) were synthesized by the methods reported earlier [1,2], which in-
volve the precipitation of the materials, filtration through a vacuum pump, 
drying at a particular temperature (40~45°C), cracking in demineralized 
water (DMW) and then converting into the H*-form by treatment with a 
dilute HNOj solution. Before being used for further studies, ZAP was heat-
ed at 200°C for 1 h in a muffle furnace to get a modified phase (a-ZAP) of 
this material which has shown improved ion exchange behaviour and chem-
ical stability [3]. The reported values of the Na* ion-exchange capacities of 
ZAS and a-ZAP are 1.30 and 1.03 meq/dry g, respectively. 
Kinetic measurements 
The materials were finely carefully groimd in order to give particles of 
different mesh sizes (40 - 6 0 , 50 - 7 0 , 70 - 1 0 0 and 100 -150) . Particles of 
mean radii 125 nm (of ZAS) and 160 jum (of a-ZAP) were generally used in 
the present study unless stated otherwise. Fractions (20 ml) of the metal ion 
solutions were shaken with 250 mg of the exchanger (H*-form) in several 
stoppered conical flasks at the desired temperatures (20, 30, 45 and 60°C) 
for different time intervals. The supernatant liquid was removed immediately 
and the determinations were done as usual by EDTA titrations [22J. Each 
set was repeated six times and the mean values were taken for further calcula-
tions. 
Separation procedure 
Two grams of the 40 —60 mesh sized particles of the exchanger (a-ZAP) 
m H^-form were used for the column operation in a glass tube having an in-
tpptal (liaiiip'cf of 0 6 cm I tu> cokiiun was witshfMl thoroughly with DMW 
Htid thf" rmitttin' to bf stjiaratfd was loadfij on it, maintaming a How rat<> of 
ca. 0 1 nil/jriHi 1 hf fHution of the mettd ion other thaji QJOO was done by 
0 01 M UNO,, sf'lt'ctf'fi on thr basis of /C,| vahips j8]. Cd{n) was rpmoved 
finally with 1 M HNX).,. The flow rat<' for fluting the metal ions was kept to 
ca. U 4 ml/inm l'd(lT) was RIKO qnantitativply rccovt'rfd from a syjithetic 
niixturp containing Mn(Il), 137.5/ig; ro(l l) , 147.3/ig; Nidi), 146.8/ig; 
Znfll), 162 5 A<g and Cd (III, 280 IJU, using the same eJuants as dpRcribed 
above. 
RESULTS AND DISCUSSION 
A high metal ion concentration, relatively large particle size of the ex-
changer and vigorous shaking are the basic conditions for a particle diffu-
sion-controlled ion-exchange phenomenon. Under these conditions the 
fractional attainment of equilibrium, U{r) may be expressed as U(f) = (the 
amount of exchange at time t)/{the amount of exchange at infinite time 
(equilibrium)). 
The present system may be con8idered_to follow the "mfinjte solution 
volume" condition [23] because CV > CV, where C and C are the metal ion 
concentrations in the solution and exchanger phases respectively, and V and 
V are the volumes of these phases. The Nernst—Planck equations can be 
solved with some additional assumptions [24] which are valid for an in-
organic ion-exchanger as the swelling changes and the specific interactions 
are not significant in this case. As a result, we obtain a coupled interdiffusion 
coefficient .DAB. the value of which depends on the relative concentrations 
of thejiounterions A and B in the exchanger phase (CA and C^). For 
CA < CB, the interdiffusion coefficient assumes the value Df^,A being the 
counter ion initially present in the ion-exchanger phase. Since in the Resent 
study the exchanger is taken in the H*-fonn, DA may be replaced by D^. 
The numerical results can be expressed {25} by the explicit approximation. 
t /(r)= { 1 - expin»(/,{a)r + ^{0^ +/',(a)Tni}J (1) 
where r ~ Dn t/rl 
mobility ratio, a = DHIDM, fo = particle radius and DM is the interdiffusion 
coefficient of the metal ion. Under the condition 1 < o < 20 and the chaise 
ratio, ZulZts = 1/2 which are fulfilled in the present case, the three funo^  
tions fi(a), U{a) and fj(o) can be expressed (261 as: 
1 
^ ' ^ ° ^ " ' 0.64 + 0.36«'»»• 
fig.) '-- (b ) 
'»^"^ 0.96 - a.Ott" "*" 
; • { » ) 
0 2 1 -t- 0 , 0 t > ' '• Ic) 
»:ttch viiluo oi U(r) will have a corresponding value of r wrhich is obtained on 
aolvin;' Kq (1) by tlip graphira) method. The concentration effect on the 
i^iechanism of exchan^je wab studied at .lO'C by taking different metal ion 
rutK-nln.;'on.s (0.005, 0 OOa. 0.01. 0.025, 0.05, O.I and 0.12 M). The plots 
L.; T vi { [: '1% 1) t'l ihe meti^ l )on concentrations ,> 0.1 M for ZAS and 
> 0.01 A; for o ZAP, are straight lines passing through the ongin, thus con-
finning a iiarticle diffu.?ion-controlled exchange at these concentrations. The 
sloi^es (5) of the r vs ( plot^, as shown for the Mn'*--H- (Fig. 2) exchange, 
uxe -umiuarized in Table 1 for all the metaJ ions studied at the concentration 
0.1 .vl lot ZAS end 0 01 >W for a ZAP. 
V 0 2 
2 
t ( fn in ) 
Fip. 1. Plots of T va t for Mn'*—H* eichangp, using different solution concentrations at 
30'C on ZAS and o-ZAP: 0 005 M (^}; 0.008 M (»); 0.01 M (o); 0.025 M (•), 0.05 M {y ); 
0 1 M(* ) ;0 .12M(«) . 
The particle size hdA a marked effect on the rate of exchange. A plot of S 
vs. 1/rg {Pi^, 3) Dhow! that the rate of exchange is inversely proportional to 
the particle size, a fundamental condition for a particle diffusion phenome-
non. 
The S values arc related with X>H as follows: 
S n,,lrl (2) 
The lof f)y ir. related linearly v/ith 1/T (Figs. 4, 5) in all cases, justifying the 
vdidity of the Arrhemus equation: 
Du"Doe%p(-EjRT) (3) 
Thf preexjjonential constants (Do) were obtained from the intercepts of these 
linfj Olid the values of activation energy {Ea.) were calculated from Eq. (3). 
I h e entropiei, of jictivation (AS*) were obtained by substituting theUo val-
A /. 1— 
0 3 h 
V- 0.2 
0 0 ' 0 C 
t (mtn ) 
FSt;. !!. Fiots off v£. t for Mti"*—Hi* sjuch.-joi r.l dii.i ...v. ; .-.ap^-i. i . on 'V.J 
un<i«r the cotidltiotii^ of pi ^ -icju difft-^tot:, 
TABLE 1 
"lopf3 (S) of T v.). t ploti fojt t:.u trfctiiltlon met-Jc on U/..t .;Mt; o-Dj^j' 
I4$:frtttin0 
loi. 
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' \ u 
UC-. hi the ; qur.tJon: 
Do '• 2.72 d* hTlh cxp (AS*/i?) /.) 
where fe ana h arr the Boltzmann .-'jid i'lrjiclv con ituiU, ..:;.pectlvoly; d L tl-.c 
ionic jump dhUmca [27] BS tJikrn 8 A. E {' B.SIM J d^,' ' moi' ') b the na-; 
constant and T h talcen m 27B*K. Table 2 :,Uinn»ta-iEeLi the D^, iJ,; and AS' 
values on ZAS nnd Q-ZA?. 
As table 2 indicates, the AS* values via n.,;, .tivo on both aa ion en-
changers, en observation andogom to mo£.t oi the nmtcriul.. oi thi • cla .T 
[13—16, 18—20J. It also Indicctes that iho acviv J. ion yno. -j- c r the v = .-/U-
trensition mtt.!i Ion; wadicd do not hc-vo ;: i -,.^li,^ ..vnti s ^ ,. .i',,, i.u :: v a .-
• r 
Fig, 3. PloU of S vs. 1/r; for Mn'* «t SO'C on ZAS and aZAP. 
(O O r 









3 . 0 3 6 3.2 3.4 
1/T°K X 1 0 3 
Fig. 4 P)ot» of )ou 1>H v». » / r K for F e " (o); C o " (•); N i " {'-); M n " (*); Zn»' ( . ) and 
C d " (X) on ZAS. 
10.0 
3 .0 3.6 3.2 3.4 
1/T*KX102 
Fig. 6. Plots of-log £>H vs. 1/rK for Fc" (o); Co»* (•); Ni(n) (<s); Mn(n) (*); Zn(n) («) 
and Cd(n) (x ) on o-ZAP. 
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3.5B X 10 • 
2.95 X 10-' 
1.74 X 1 0 ' 
7.76 X 10-' 
7.41 X 1 0 * 
2.04 X 10 ' 
a-ZAP 
7.08 X 10 • 
5.62 X 10 • 
1.51 X 10 • 
3.54 X 10-» 
8,71 X 10 * 

























tion with the ionic radii io concerned, it is in contrast to the observation 
made earlier [7,8] on these materials for the alkaline earths. It may be due 
to a more distinct variation in the ionic radii in a particular group than in a 
period. Th*' activation cntrgy a. maximum ior Cd(ll) on both the cxcbangere. 
However, the variation in its vaJue for the diXferent metal iom is much wider 
in a-ZAP as compared to the one on ZAS. These observations are supple-
mented by the achieved separations of Cd(IJ) from Co(n), NiCII), Mn(II) and 
Zn{n) on a-ZAP columns as shown in Kig, 6. The echitvement of the 
Cd(n)—Zn(II) Beparation appears to be unuoual on the bwiii of our kinetic 
observations. They are BPparated although their £o values are similar, which 
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Fig. 6. Elutlon curvet tot the separation of Cd(II) from other metal Ions on a-ZAP col-
umns. 
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A systematic adsorption study of alkali metals 
/Na, K, Rb, Cs/ on various inorganic ion-ex-
change materials in distilled water and HCIO. 
solutions of varying concentrations has been 
performed using radiotracers. The Ig K, vs. 
pH graphs show a linear relation on all the 
materials for Na/I/ and K/I/ ions. Adsorption 
of Rb/I/ and Cs/I/ ions, however, shows a 
slight variation. 
INTRODUCTION 
The use of radiotracers in chemical analysis is well 
established in determining the extremely small quantities 
of substances in a mixture. Inorganic'ion-exchangers are 
well known for the separation of metal ions , their use 
2-5 being in the nuclear energy industry for the separation 
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of selected nuclides such as Cs, Sr from the wastes 
of reactor fuels. Some materials, prepared in these 
6 — 9 laboratories have shown promising ion-exchange behavioui 
in addition to their thermal and cheimical stability. They 
have also exhibited high resistance towards gamma radiation' 
The present paper summarizes our adsorption studies for 
some metal ions of analytical and radiochemical interest 
on the materials based on Sn/IV/, Zr/IV/ and Sb/V/, using 
radiotracers. 
EXPERIMENTAL 
Reagents and chemicals 
All the reagents and chertiicals used in this study were 
of Analar grade obtained either from B.D.H. Poole /Eng-
land/ or E. Merck /Darmstadt, GFR/. 
Radiotracers used 
The following nuclides were used as radiotracers, the 
half-lives are given in parenthesis: 
"^^ Na /15 h/, ^^K /12.5 h/, ®^Rb /18.7 d/ and ^^'^Cs /30.2 y/, 
Instrumentation 
Activity measurements were done in a well-type single 
channel analyser of Electronic Corporation of India Ltd. 
using a Nal/Tl/ detector. 
Ion-exchange materials used 
The following inorganic ion-exchangers were prepared 
by the methods reported earlier with their ion-exchange 
capacities shown against them: 
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1. Silica based Sn/IV/ hexacyanoferrate/II/ /SnHF/ 
/I.10 roeq/dry g/. 
2. Zirconium/IV/ arsenophosphate /ZAP/ /0.94 meq/dry g/. 
3. Zirconium/IV/ arsenosilicate /ZAS/ /I.30 meq/dry g/. 
4. Antimony/V/ silicate^ /SbS/ /I.60 meq/dry g/. 
Distribution studies 
The distribution coefficients jY. I were determined 
for Na/I/, Kill, Rb/1/ and Cs/I/ ions by the batch process 
as follows: 
100 mg of the exchanger in H form was taken in a 
conical flask followed by 20 ml of the solvent, 1 ml of 
the metal ion solution and 1 ml of the carrier solution. 
The contents were shaken for 3 h with an electric 
shaker or allowed to stand overnight for attaining equi-
librium. Then 10 ml of the supernatant liquid was with-
drawn for activity measurement. The standard radioactivi-
ty of the tracer solution being known, %he K, values were 
calculated by the formula: 
_ /1-F/ V . -1 
where F is the fraction of the activity of tracer in 
solution at equilibrium, V is the volume of the solution 
/ml/ and M is the mass of the exchanger /g/. 
The K^ values were determined in HCIO. solutions of 
varying pH /I to 5/ and demineralized water /DMW/. Fig. 1. 
shows the variation of K^ values of alkali metals with 
the pH. 
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Fig. 1. Effect of pH on the K, values of alkali metals 
on various ion-exchangers 
DISCUSSION 
These studies reveal certain interesting features of 
inorganic ion-exchangers. SnHF and ZAP show a linear 
increase in Ig K, values of all the four alkali metals 
studied against pH /Fig. 1./, the maximum adsorption being 
for Rb/I/. The slopes of these straight lines are found 
to be in the following order: 
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Na/I/ 10.24.1 < K/I/ /0.28/ < Cs/I/ /0.32/ < Rb/I/ /0.35/ 
on SnHF and 
Na/I/ /0.17/ < K/I/ 10.231 < Cs/I/ /0.27/ < Rb/I/ /0.28/ 
on ZAP. 
However, a little deviation from this behaviour is ob-
served on ZAS and SbS ion-exchangers. Although Na/I/ and 
K/I/ show a linear increase in the Ig K, values against 
pH, it is not true for Rb/I/ or Cs/I/ ions. On ZAS," Rb/I/ 
shows a negative deviation above pH = 3 while a positive 
deviation is observed for Cs/I/ above pH = 5. SbS is high-
ly selective for Rb/I/ above pH = 1 /K^ = >»/. Thus, this 
material should be suitable for the separation of Rb/I/ 
from other alkali metals. 
The radioanalytical studies were performed in the 
Modular Laboratories of B.A.R.C., Bombay /India/ for 
which Dr. M, Sankar Das, Head of Analytical Chemistry 
Division and Dr. R.K. Iyer are thanked. Financial as-
sistance provided by the C.S.I.R., India is gratefully 
acknowledged. 
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